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This report is included in *the Environmental 
Protection Agency's (EPA)' environmental protection technology series 
which describes research- performed to develop and demonstrate 
instrumentation, equipment and methodology to repair or preVtent 
environmental degradation frbm point and non^-pdint sources of 
pollution. Thi^ document is a summary of a nationwide study to 
determine the current knowledge and. tbchniques of land application of 
mun^ipal treatment plant effluents and industrial wastewaters* ^ ' 
Specific application techniques addressed includ^ irrigation, 
overland flow and infiltration -percolation of industrial and 
municipal wastewater. .Additional sections of this reffort dgal with 
wastewater ana site characteristics, system, design and operation, 
environmental pff^ects, public health ccnsideraitions, and cost > . 

evaluation. A bibliography and .glossary of , terms are included. 
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, ^ RESEARCH REPORTING SERIES 

Research reports of. the Office of Research and 
Monit;dring, Environmental Protection Aqency, have 
been grouped into five series^ .These five broad 
categories were estabUshed to facilitate further 
development' and. applicatior^ of environmental 
technology. Elimiri,a.tvioii . :of , traditional grouping 
was consciously planned to' foster technology 
trar>sfer and a .maximum * interface in related 
fields. The five -series .are: 

' . \ 

1. Environmental Health Effects Research 

2. Environmental Protection' Technology 

3. Ecologica^l Research * ' 

U. Environmental Monitoring - \ 

' 5. Socioeconomic Environmental Studies 

This report fi^s been assigned to t:he ENVIRONMENTAL' 
PROTECTION TECHNOLOGY series. /This Series 
describes > research perfbrmed to -develot) and 
demonstrate instruihentation, equipment and 
methodology • to repai^ or prevent environmental 
degradation., from point |and xion-point sources - of 
pollution. This work provides the new or improved 
technology required for the control and .treatment 
of .pollution sources to*lneet environmental quality 
standards. ^ * . . 
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'This report has bee* 'reviewed by »the Off ice of Research and 
Development, EPA,' and approved for publication. Approval does 
not signify that the contents necessarily reflect the^ views 
and polfhies of ,the Environmefjit^l Prbtection Agency, nor does- 

^ mention of trade names or commercial i>roducts constitute 
endorsement or recommendation .for use. 
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ABSTRACT • " 

A nationwide study wa,s conducted of the current knpwledge 
and techniques of land application of municipal treatment 
plant effluents and industrial wastewaters. ' S-elected ^ites 
,were visited and extensive literature reviews were made 
(annotated bibliography will be pui)lished separately) . 

Information and! .data were gather^ on the'many factors in- 
volved in system design and operation for. the three major 
land application approaches,: irrigation, overland flow, and 
infiltration-percolation. In addition, evaluations wete made 
of environmental effects, publii health consideration,^ and 
costs- -<areas in which limited data are available. 

Irrigation i| 'the most reliable land application teclinifque 
\frith. respect to long term use and removal of polj^ts^ts 
from t4ie wastewater. It is sufficiently developed so 
that general 'design and operational 'guidelines can'be 
prepared fro.m cuirrent technology. 

•Overland flow was found to be ah effective technique for \\r 
dustriai wastewater treatment. Further .development. is 
required to utilize 'it's considerable potential for municip&l 
wastewater treatment . 

Inf iltr^ation-percolation is also a feasible method of land 
application. Criteria* for site selection, groundwater con- 
^trol, and management 'techniques for high rate systems need 
further development.'. 

This report is submitted in' fulfillment of^Contract 68-01-0741 
by Metcalf \ Eddy, Jnc.^ Weste.rn Regional Office, under the 
sponsorship of the Env^ironmdntal Protection Agency. - Work'-' 
^2Cs completed as jof April 1973. , ^ ' , - 
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PERSPECTIVE 

* . / /, 

Municipal and industrial wastewaters have b6en applied to . 
the land by maiiy modes and for many .purposes 'throughout the 
country Crop irrigation with municipal.' effluent is prac- , 
ticed nationwide but most freq-uently 'in the western states. 
'Land application of industrial wastewater was piQne.ered m • 
states such as Iowa, Minnesota, Wisconsin-, .and Ohio. Many 
infiltration-percolation systems exist from ea:li'fornia to • 
New York and Massa<chusetts . Land applicati^Yi has been and 
continues\to be a feasible alternative to surface water' 
discharge in many cases. . , _ . . - 

Land application of wastewaters" was giv-en^a substantial role 
in the Federal Water Pollution Control Amendments ■ of 197 2 to 
implement the "nat»ional goal that discharge af^poili^l^ants 
into navigable \iater,s be eliminated by 1985. At several 
points in t,he law - the encouragement of land application is 
■emphasized. Thu?, land" application techniques must be con- 
sider.ed as alternatives 1^ conventional, and advanced, w^ste- 
wner treatment in the pl^vention of surface water pollution. 

Many times land application is , interpreted in a narrow sense 
■to ineai} "spray ■ irrigation" or . "percolation ponds . . Lahd 
application actually cover's Vy technique involving inter- 
action between ioil^and wastew-ater in which us,e is made of • 
the assimilative capaVity of the soil system.. In;thi^ re-> 
port, land application techniques havp been grouped into 
.the categories- of irrigation, overland f.low, and 
inf-iltration-percolation. -' • ; ■ , • 

• IRRIGAT'ION . ^ ' / ' ■ ■ ' . ^' 

litigation is* the appl ication -of water to'- the land to meet 
the irowth needs of plants either by surface or_ spray appli- 
cation, and 'is the predominant land appLjcatiQn technique. 
The use of wastewater for irrigation is afttractive for 
several reas-ons, including the .following : (1) it is a posi- 
tive alternative to advanced -wastewater treatment and sur' 
face water djLs.cTiarge ;' .(2) it can result in economic return . 
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^ on the s,ale of cr.ops ; (3) , it can be ^part of. a water con-ser-" 
vation and reuse program ; (4), it. can provide fire protection 
by foreste'd hillside spraying;' and (5) if ca^n foster th^ 
pres-ervation and>€nlargement of greenbelts an.d open space. 
This last .factor/ is empfha/ized in the 1972' Federal Amend- 
men-ts by the statement that ''waste j:reatment martagement 
which combines open space and recreational considerations 
(With such management" shall b*e encour^aged . ■ " 

The principal limitations to the" practice of \irrigation are 
the considerable land . area . rfequiTed , its relatively high 
cost, and dts "relatively long distance away from large ' 
urban sources of wastewater. In some cases certain waste- • 
water characteristics, such as high salt pr boron- concen-' ■ 
trations, may preclude irrigation of many crops, especially 
in the arid Southwest. . ' . . • «^ 

i^niitations to ^irrigation' f or health reasons are less 
severe. Adequa^tely disinfected wastewater should not pose 
a danger to heal^th when it is used for irrigation.. Adequate 
disinfection requires comple'te and rapid mixi;ng*and a, speci- 
fied contact time of the' disinfex:tant in the effluent. Any 
aerosolizing of inadequately>disinfect'ed municipal waste- 
watej^r-be it in 'an activated^sludge plant, a r iver * outf all*; 
or in a spray f ie^ld-'-prdduces soine risk to human health, 
and all of these risks should be^ minimized . Spraying dpwn- 
ward or horizoiitally (especially with \ovi norzle pressure), 
adequate disinfection of the sprayed wastewater, and buffer 
zones all function to increase the safeguards. . . ' 



OVERLAND FLOW _ 



Overland flow or .spray-runoff is a treatment method in which 
wastewater is sprayed onto grassed slopes and "allowed to 
run off through the vegetated '^litter . ^ Overl^lid flow is sub- 
ject to the same types of limitations '^s irriigation, but it 
can be done on^ relatively impermeable soil and a gently ^ / 
sloping terrain; Th^e technique has considerable potential 
foV ^treatment of municipal wastewater. At Ada, Oklahoma,.* 
comminuted municipal was tewater .has been sprayed at low . " 
pressures in 'an Bxperim;ental overland fl.ow system. The > 
^effluent is of a. quality approaching that from tertiary 
treatment. ''In additifcji to a relatively low cohstrtiction 
cost, the system produces no sludjge, which is an aspect with 
gr^at appeal. 

Oi^erating ct>sts are considerably lower than for conventional^ 
plus -advanced waste treatment because .of the relative sim- 
plicity' of operation. . Further resear.ch and development of/ - 
this highly promising approach is required in the area of 
phosphorus removal, loading rates, and applicability tp cold 
climates. * ' ' ^ • 



IV 



MMfiliHMilWHIBMHIIMIiMli^^^HH^HMrtliil 



OveV land 'flow has the a4vantages 'of avoiding groundwater 
deiVa,dation, providing economic return through the growth 
tiCd sale of hay, anct. providing a high quality effluent suit- 
able for industrial or agricultural reuse applications. • 
Although it cannot be used as a complete direct recycle of . 
wastewater, to the land, the runoff will be of hig.h quality 
and can be directly recycled by any other land. applicati9n . 
approach . . ■ ' 

INFILTRATION-PERCOL'ATION' . • -. * 

•Infiltration-percolation is an-approarch to land appl ication . 
in which large voluwes of wastewater are applied to the 
land inftltf ate the soil surfa'ce, and percolate through .the 
soil 'pores. Benefits f^om infiltration-percolation of 
municipal 'wastewater include" the following: - ^) it is an 
economic alternative to surface water disch-arge; [ZJ it is 
a treatment system witir nearly complete recovery of reno- 
vated water; and (3) it is a method 8f i-epelling salt water 
intrusion intd aquifers. The high rate systems pioneered . 
in the Southwest Kave the further benefit of requ-iring very 
lit-tle -land area. \ ' 

-The major limitations of the process"" are in ^^jj^f ^j^*^ ' 
groundwater effects. Th'e primary concern isJ^^^^^f^^^J^, 
nUrogen\s converted to the nitrate form, which is leached, 
to the groundwater. 'If the groundwater zone becomes anaero- 

•bic o¥ -anoxic, conversion of sulfates to hydrogen sulfide 
may also be a problem.. 

Less critical limitations are that:/ (i) phosphorus retQn.; 
tion in. the 'soil matrix may be,neithef complete nor of long 
dilation; (2) suitable soils mus-t- be highly permeable yet 
-mulfcontain enough fine particles to ^^^/J^JIJ^^^.^^^^^^ " 
-vatlon; and (3) to prevent' groundwater degradation the 
aquifer receiving the water must be monitored and controlled 
for high rate systems. >^ " , " •; 

INDUSTRIAL' WASTEWATER 
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The potential use of land. application, for industrial waste- 
waters is nearly as great as tKat for municipal wastewater. 
In addition tt) the food processing, pulp and paper, and 
dairy industries which have used land ^PPl ^"^^^^^^^^t^' , 
sively, such diverse industries as- tanneries and chemical 
plants have also' used land application successfully. In- 
general, for plants located in rural or-semirural areas- ^ 
that produce wastev^aters con tailing .mainly organic compo- 
nents, land application offe.rs great potential., For-indus- 
tries producing toxic or high inorganic content wastewaters, 
land application probably offers small, promise. There are 



so many modifications and combinations of l^and appldcatioh 
methods. for any^ given industrial wastewater" that no sweeping 
limitations can, be stated solely on' the basis of . a type of 
industry. ' , ' • jr 

In general-, industries are more amenably' than municipalities 
. to including new technology in their plans for wastewater 
management, which partially explains their u^e of the over- 

• land flow approach". Industries have allowed the soil matrix- 

• to pravide a greater amount of treatment than have munici- 
wpalities and have tendad to -search out the limits ot load-ing 

for so^Ll systems. It is therefore likely that new iirprove- 
ments or modifications ' to; the common methods will . continue 
to cojne from iridustries as well as frpm soil'"3cientists aAd 
researchers. ^ , ^- - , . , " 

/Because land application of wastewaters has attracted con- . 
. siderable attention and controversy ^jithin Rro'f esstonal , 

academic, and gd^rnmental circles, tl>e purpose of this re- 
..port IS to focus on the principles ^involved in its use-and 

to place both't-he positive aspects -or benefits and tfie ^ 
."limitations in perspective. 
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Conclusions de•ri^^ed from this study o£ the present state- 
of-the-art of land application of wastewater ar^presente^ 
in four categories: . (1) general, (2) irrigation .XCS) ovf^ 
land flow, and (4) infiltration-percolation. 

GENERAL ' , . " . 

• Irrigation^, overland flow, and infiltration-percolation 
are the three, general approaches usQd.for the land . 

'application of municipal and indus-trial wastewater,. 

'\ln actual practice, numerous modifications and combina- 
t¥t)ns c^f land application techniques, have -proven 
successful; • ... 

• Factors to' be considered" in site <Jselection, for a land 

• ■ applicatioii system include both those involving eco- 

•' nomic and land use planning and such technical factors, 
as soil type and drainability, topography, .groundwater 
levels and quality, underlying geologic formations, 
wastewater, characteristics, and pretreatme^t^ 

• Primary , 'secondary, -and intermediate- -quality municipal 
" ^fAnts have all teen applied successfully -to tiie 
■ ■ -landF Industrial, wastewaters from food processing, . 

pulp and paper, dairy, tannery, ind chemical plants,- - 
often with only screening as pretreatment,. also have 
be^n 'applied successfully. " > • ^ 

Effective management and monitoring are fundamental 
requirements for the successful operation of land 
application systems. " _ . 

Land application systemjs, .in many cases', hav6 been 
started as aii expedient, and available technology was 
not incorporated in the planned operation and uianage- 
ment of the systems'. • . ... 
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• - The3:e is a paucity of fluant'itative- information in the 

'/•Is^terature. op the rejnoval efficiencies' of soil systems, 
with res^efip to" wastewater • constituents . 

IRRIGATION , . ' * " 

• . Irrigation -of . croplantds , .forest^ and landscaping with 

•wastewater; either, by' ^praying,, i^idge'and furfow, or • 
' flo(*ding techni,que$,, i$ developed 'sufficiently so, that 
general design^.and-^b^ie'rationals guidelines cahvbe out- . 
li-»ed. from" curren-tly lvai lab 3,e techno;|.ogy . . 

• ♦ Provided tKat municipal wastewaters are .adetiuately ^ 

idisinfected/ there' are no indications of seriaus 
healths hazards caused' by, spray irrigation*. ^ 

• Irrigation: is the' most ^-e liable land application ip- - 
proach ev^aluated on ihB^ basis of direct wastewater* 
recycling,- renovation, long term use'; and minimization 
of .adverse environmental\ef f ectsu 

^O.VERLAND FLOW • ' ^ ' 

• Overland flow, or trea.tme'^nt by spFayrrunoff (also 
known as ''grass filtratidfl'V) , has-been .demonstrated to 

^ be an effective technique' for industrial'wastewater * 
treatment. Fuj^her development -is required' to. utilize 
.its considerable potential for 'treatment of .mtinicipal. 
x;>^ * wastewater. " . - * ^ ^ 

• _y Overland flow has distinct advantages over irrigation 

for heavy, sligTitly permeable soils or rolling terrain. 

• Nitrogen, suspended solids, ;and BOi) removals are ex£ek- 
^ lent, and adverse environmental effects appear to l^e - 

minimal,. Systems have hot been in operation long 
enough 'io determine long tefm effects orVexpectant ' ^ 
p€?riod^of use. ' ' - ' 

INFILTRATION-PERCOLATION • ' ' *" ' 

• Inf iltration-pei^colation is anothpr feasjible' approach ■ 
to land application of municipal 'or industrial waste- 
water, and several-^high rate systems have shown* 
success . . * • ^ * 

• Criteria for site selection, groundwater contTol-, rOTd 
management techniques for high rate systems need fur--* 
ther development . * * . > 



In£il:tTati^n-percoration, wheiv practiced as^a* land ^ 
disposal approach, is less rel^Sble than ^r^igation 
from tl^ standpoiA^t of wastewater renovation and long 



term use . 
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. SECTION II • " 

RECOMMENDATIONS - . - 

The following recoimnendations / which^have been developed as 
a result o£ this study, are groupfed into three categories: 
ClJ implementation o£ land application projects, (2) devel- 
opiAent o£ standar^i practices, and (3) research needs. 

IMPLEMENTATION OF LAND APPLICATION PROJECTS-- 



... , . • \ 

Land, application ^approaches, where feasible, should be 
considered as alternatives in developing wastewater ' 
managejnent pians. ' „ 
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When evaluating land application Approaches for treat- 
ment as compart td conventional or advan.ced waste 
'' treatment processes , , factors such a.s economics,- sim- 
plicity of operation,' and degrefe of renovation shou-ld 
^-•be considered as wel-1 as th^potential waterr reuse and 
the best use to be made of the land. j ' ' 

• * • To, gain public acceptance and support for l^nd appli- 

•cation projects, realistic implementation programs, * 
including public relations,^ should be developed to ' 
accompany any planning activities for- wastewater 
management. ^ . - 

DEVELOPMENT OF STANDARD 'PRACTICES 

•■'.>' . ' • ■ 

• ■ General evaluation procedures for design' and manage.- 

ment^ftof land application systems should, be developed 
by <?!ie EPA to. ensure successful system- operations. 

The operation of many exis'ting 'systems can be enhanced 
through' analysis . of successful practices at other, 
locations, evaluation of the key factors- important- to 
management^ and initiation o^ monitoring of water 
quality -changes throughout the system. 
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• " design and operation practic-es "in land application are 

.so dependent. on^*lo.cal conditions that a detailed de; 
.sign, or operations manua'i would , likely stifle, rather 
than advance ,. the state?af -the-ai-t'. . " ^ 

RESEARCH NEfiDS . ^ 

Although a "great 'deal -is Icnown, many tecThnical questions 
niust be answered" before wastewater renovation by land appli 
cation can become a- scientific undertak^ing . Research must 
be irti'tiated to define the .environmen.tal interactions of 
"soil, -groundwater^' air, "and wastewater. The priorities for 
research by subject area as ..established m this study, are 
presented on the f9llowing list. 

• General' Application • ' - 

Climatic investigations should be undertaken to define 
simultaneously su;rface soil and ambient -air tempera- 
tures for the United States. Such information wo^ld 
.be useful in determining the annual period in which ^ 
. vege-tation and. active bacterial ' metabolism might be 
. ntaintained by wastewater , application-. 

• Virological''i;ivestigations should be undertaken where 
municipal "wastewater ■ is appl'ied by spray irfg. Aerosol 

'■ drift -and inftectiv'ity and survival of * viruses -xn aero- 
' , "sols,. .on vegetation, and in soil need investigation. 

Irri-gation ^ 

• Th.e long te^jn effects on soils, groundwater, and 
crops of- (1) salt accumulation and Ul) buildups of 
ti^e elements and heavy jiietals sh^iild beldefined. 

• There are s.everal. larg'e municipal w,as^ewater irriga- , 
tion systems that have been operating for SO to 60 
^ears, and these 'could b'e investigated for long term\ 
effects. . . ' • ' 

Studies on the "effects of irrigation on th^ environ- 
ment, such as those underway at Pennsylvania. S^ate . 
University and those planned for Muskegon, Michigan, 
should- be continued. 

Additional .studies shoCild be cdhducted tKdetermine "if 
•'crops grown under "wastewater irrigation differ :sub- 

stantially.in qua^lity from crops grown using f^^esh. 
" water -Trril^t ion and other sources of>lant nuttifents 
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Overland Flow ' f . 

^Res^arch on the^.ap'plipation of' the 'oyerLanc^.f J.ow tech- 
^ ' nique to mtinicipal wastewater, such as that at Ad^, ' 
* Oklahoma, should trfe continued, 

• Field studies should be conducted to evaluate "cold 
weather effects when using overland flow for indus,- 
trial and municipal wastewater. I, • . •* . [ - 

/ • ' " ' 
A correlation between- BOIL-loading and treatment' effi- 
ciency should be investigated for various .cjtimafes^, 
. lengths. of runoff traveL> ty^es of gfasses^and field 
slopes V'' . ^ . y ^ ' 

m 

• The iriechanisms of. nitrogen removal for overland f low ^ 
sh'oul(^ be studied. Removals resulting! from crop up- 
take / denitrification , and ammonia volitilxzation 

.s'hould b^ quantified, with the objectite of dptimiziiig 
nitrogen removal, \- ^ J ' 

f /'.'.• 

The applicability of us^ing ,gi;;^sses > suqh' as Italian . 
rye^and common bermuda grass, as cover .crops under 
various ^climatic conditions should be investigated. ^' 
Such grasses have prqven successful - for^, irrigation . 

• The effects of harvesting and removing hay for va'mous 
gra-ssrfes on "BOD removal efficieri^y should be ' / 
investigated. 

• The removal of phosphorus- as affected by Ig^ding ' • 
cycles, length of runoff travel, and type of grass 
shbuld be investigated.. -4 



Infiltration- Percolation ^ 



Operating procedures and conditions that are iiece^'ary 
for optimum nitrogen removarl should , be idejitifjed and, 
documented. - ^ • * ' ^ 

^ ■ i " * ' ' ^ , ' ^ 

The effect of nitriff icat iop^' in • the soil'on BOD removal 
TDS leaching, aftd -fhe' degree of , subsequent .denitrifi - 
cation should, be documented by field Miyest igatioris .' 

Studies on the effect, of vegetation oji nitrification 
and denitrif ication in the soil .shofUld be' continued , • 

J. ' \ 

The removal efficiency for refractory organic^s should ^ 
be^ determined' for high rate loadings, and >the heal th 
hazard of any such material reaching the ^groundwater 
should be investigated.* ^ - . . \ / * 

t ' ^ \ ' ' 



.EnvirOvnm»ntal''e££ects, suchy^^ incredsed leaching of 
inorganic 'compounds rknd increased. .groundw.ater^^hrardn;^s ^ 
should be inyesligated for hi'^Tx.xate systems underlai?n 
by limestone '.formations Hig?^ Qrganic loadings \iill'/ 
-re-s^dLt in considerable carbon vdioxide production which 
'may dissolve sdgjiificant quantitiets of cal6ium and . 
magnesium. ^as -well as lower the- pH. . ' ' \^ 
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' ^ SECTION III 

' r * INTRODUCTION 



Land application of ^wastewater is an old .practice- -it was 
.used by the tJreeks in Athens and was tegun in the United 
Statesf'Oyer 100 .years ago. Hundreds, of communities through- 
out the nation currently .use one fornT^r another of land 
application with varying degrees of success. The'^ applica- 
tion of wastewater to the land brings into play elements 
of climate; air, la^d, -vegetation, and water sa fhat>.under- 
„.standin'g and analysis of its ^pany aspect^, requires* a 
multidisciplinary approachi. . ^ * 

To. gain, a clearer and more corSprehensive understanding of ^ 
the phenomena and problems' associated j^ith lai\d application 
of wastewater , the United 'Stafes Environmental Protection 
Agency in June 1972 awarded a contract to Metcalf § Eddy, 
Inc,, for an' evaluation 'of the /state-of-the-art / For. ' 
this •purpose a nationwide study was* conducted of systems in 
actual operation together* with an "extensive ^lit?erature 
review. The information derived from the study was used to 
categorize curreat types of systems and to provide data, 
necessary for- system design and operation. 

PURPOSE AND' SCOPE OF REPORT- - / , . . 

Current kriowledgo. on land 'application o^E'municipal and in-^ 
duS'trial wastewateo: hasvbeen gathered and *is reported in 
,two volumes. , * 

The purpose of this volume (Volume 10 is to • summai^ize the 
state-of-the-art for engineers , planners , m.anager^, and /' 
decision makers. 'Detailed engineeritig information and Ihipr 
porting operational experiences are/^presented in an "expanded 
Project Report, printed separately as Volume II. The infjzir- 
mation presented^ in these two voluipes is intended as a 
report of current knowledge- -not -as:!a_statemerit of desigh 
guidelines,. ' ^ , 



The sco^e o£ 'this l-eport 'is limited to a presentation^-and , 
discussion 'o£ tho^ methods af land application o£ waste- 
water that use the soil system to' provide renovation to the 
wastewater.- ThUs , deep well injection and -surface evapora- 
tion ponds are no*t, considered in-depth. Land application 
o£ municipaUor- industrial: waste sludge was specifically 
omitted from the study. The report contains sufficient in- 
formation .on' land application to, provide a -basis for 
Effective management decisions'. . ' ... » 

Separate sections ire included in this volume on land appli- 
cation approaches, wastewater and site characteristics, _ 
s'ystem design and 'operation "^environmental, effects , public 
<health considerations, -and cost evaluations. 

INFORMATION SOURCES AND DEFINITION OF TERMS , , 

Information Sources - - „ - 

Information was gathered from. U.)' the literature, (2.) site 
visits and interviews, and (3") previous .experience . The 
Uterature has been reviewed extensively, and abstracts of 
articles reviewe.d will '^^published separately by the EPA.-^ 
Cited reports., studies^ and .other .pertinent, UteratUre have 
been arranged alphabetically, numbered sequentially, an^ , 
listed 'dn'Sectibn X. Where reference is -made to this/ 
mateVi'al in the: text , the 'appropriate, number is enclosed 
in- brackets. ' . . . 

Actual on-site visits were made. to_ niner' iastallationa. in_ 
khe United States and one. in Canada. The information 
obtained was givBn. to' th.e American Public Works Association 
(APWA) whicKj in -turn, cooperated in making available data 
from their fact-finding survey.' That survey was conducted 
during the same. time period of this study and covered , 
several hundred United-^ States sites and. severar foreign 
ones with the object of establishing an inventory^ of p^ac- 
• tices at selected existing facilities. .In addition, infSr- 
mation-^on several 3ites was available prior to the conduct . 
of this -study. A listing of all sites visited ^an^used 
in this study plus those contacted .by APWA ihfe given in 
Section Xill . '. ^ _ 

Definition of Key. Terms 

Because Several key terms wilT be ..used' extensively in this 
.report, they Will be defined here. A pomplete glossary and 
list of abbreviations is in Section XII. , 

' Irrigation - -Application of water to- the land to'^siis tain -the 
growth o± p 1 an ts . , . 

' • ■ ;■ ^ ' - 

^ 
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. Overland .flow - -Wastewater ^treatment, by spray-runoff (also'-' 
Kiiown. as I'grass filtration") -in 'which, wastewater is sprayed 
onto, gently sloping-y ' relatively impervious soil "planted to 
vegetation. Biological treatment ^occurs as th^ wastewater 
f-lo.w contacts biota- in the grouijd covter vegetation. 

Infiltrat ion-percolafion --An approach to land application, 
in whTcn large volumes of wastewater *re "applied to the- 
land, ^inf iltrate the surface, and percolate through" the . 
soil pores'. . ■ • • , '■ " « 

LQa4ing r at^s - -The* average amount p£ liquid' or solids 
.applied to the land over a fixed' time period taking- into 
account periodic resting. ^ • ^ 

Application xates — The . rates at which ^the liquid is do^ed 
to the, land, u'sually i^;i in./hr. • ' ^ ' . 

Conventional wastewater treatment - -Reduction of - pollutant 
concentrations in wastewater by physical, chemical, or" 
biological means. ■* * 

Sewage farming - -Originally involved ' the* transpprtfng of 
sewagel i:\to rural areas forMand disposal. Later practice 
included reusing -the water for irrigation -and fertilization 
of crops . ' 



HI-STORICAL .BACKGROUND 
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Wastewater application 't^the, land was practiced in Athens 
in the. B.C. period [34] and^ the' recorded history of irriga- 
tion has been trac'fed to Gerjnany in- t-he sixteenth century, 
A.D. [11]. The practice of sewage farming spread "to 
England in the 1700s and to the United States in the .1870s 
[46]. Rafter .[45] and Mitchell [38]. present data on a 
European practice in England, at Paris France , at' Berlin, 
Germany, ahd^ at' Moscow , Russia, ifi the 1890s to 1920s.. 
'In surveys tco^ducted in the.- Cniteii States -in 1895 [46.] and 
1935 [20], over lOO' systems were- found across the country. 
Historical data on a few of the. more notable operations in 
the world are listed iff" Table 1., Unless otherwise noted 
the data are for the dates given in the first column of the 
'tatle. Many of these' facilities , includirig the ones' at 
iMexico-City and Melboutne^ Australia , .are still in 
operation. ' . 
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Table 1:* Historical Data o« Sewage Farming 



Date 



Locat ion 



Descript'ion 



Wetted- 
area,^ 
acres' - 



\ Non-Uivited States / 
^ / 

15$9- Bunz^au, Germany * ' Sewage f o riA 

1861 Crciydoh-Beddington , England ' Sewage^fa^rm 

,1864 V Sou t?i Norwood, England Sewage farm 

'*1869 -^erXi»n,' Germany* Sewage f arm. ^ 

1875 Leamington Springs ,''England_Sewage farm ' 

* 18*80 Birmingham, England * Sewage farm 

1893 / Meltowrne, Australia * ^ ' Irr.igation , 

t. . Melbturne, Australia - Overlanjl flow 

1902 Mexico City, Mexico . Irrigation 

1923 Paris, France Irrigation 

19^8 ^ape Town, South Africa . Irtigat i-orv 



420 
152 
• 2'7,j250^ 
• 400 
,1 ,200, 
10,,376^ 
3.472^ 
1^2,000!^ 
1^600 



Fl ow , 
, mgd 


Average 
loading , 
inr,/wk 


Reference 


• 

' 4.5 




— 11 


0.7 ' 


i « c 


0^ 


150^ 


1.4 . 


35 


0,8 


0-5' s 


45. 


22 ^ 


' 4.7 


- 45 


50^ > ' 


,1-2 


"30 




5.-2 • 


30 


570^ ^ 


•1.3 




120 ■ ■ 




35 ' 

8 



« Unit^ed Slates ' 

. 1872 * Augusta! Mame^ 
ia80> * Puilraan,* Ulinois^ 
'1881 Cheyenne, Wyoming 

M87 V ' Pasadena, California 
1895. San Antonio ,^Texas 
^ :t89^ Salt^ Lake City, Utah 

1912 . Bakersfield, California 
' 1928 VinelVnd, New Jersey 



*a. Data for 1926. 

b« Da^a for >1971 . 

C. I Abandoned around 1900'. 

d. Data for*\972. 



Irj-igatjon 


3 


. 0.^007 


0.6 


46 


Irrigat ioi^ ^ 


40 


1,8-5 . 


12.0 ^ 


. ' ^6 


Irrigation ' , 


1.33P^ 


'7,0^ 


1.3 




> Irrigation 


300 /. 






^-35^ 


^ ^ IrriyfatioA / 


4,000^ , 


2^^ 


1.3 


35 


^ .Irrigation 


nn 


* 

4 


' 5.V 


^6 


Irrigation >» 


2,400^ 


1U3^ 






Irrigation 


14 


0.8 


«14.7 










— 1 






c * 


: ~ 




« 
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SECffON IV 
LAND APPLICATION APPROACHES ' . ^ ' 

Irrigation, overland flow, and infiltratioil-percolati'on are 
the three basic approaches to land ^application\ These 
three approaches are sho\?n schematically on Figure 1. The 
wastewater .may be applied to the 'land by spraying. ar sur- 
face techniques fn any of the three approaches, idunicipal 
'wastewater , jusually treated to secondary quality,, h^s*been 
applied mainly by irrigation. Some municipalities have, 
practiced infiltration-percolation; however, the only munic- 
ipal "^installation identified in this study using overland 
flpw is at Melbourne, Australia f22] . Industrial waste- 
water j generally screened or settled', has bieen applied 
using all three approaches with the choice usya^ly -depending 
upon the soil type of the nearby land. I'.^Fpod processihg, 
pulp and paper dairy^and tannery wastewaters h^ve been 
used for irrigation and. i;iif iltration-percolation . The \ . 
few ov^rl-and ^£low systems in the United States are for.' 
food pr-ocessing' wastewaters ^ ' . . • 

The major characteristics of irrigaJ:aon, overland flow,, and 
inf iltration-percolatioji ai;e listed ih Table, 2. - A discus - 
si6n of each qharacteristiC is included for. each approach. 
Factors involved in selecting among these approaches are 
presented following the dis,cussion of each approach. 

IRRIGATION 

Irrigation is the most widely us.ed type of" land application . 
wi*th over 300 U.S. communities practicing this approach; 
accol-ding to the 1972 Municipal Wastewater^^aciilities Iti- 
ventory conducted by the EPA. Aspects 'of irrigation covered 
in 'the follovring discussion* include the controlling factt^rs 
in site selection and design, the^methods of irrigation, 
loading rates, management and cropping practices, and 
the expected wastewatei; renovation or removals of ^wastewater 
consl^i'tuent^^ . • ^ 
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. Tabl-e 2. Comparative Characteristics of 
Irrigation, Overland FlOw, and Infiltration-Percolation 
' -. ^ * • Systemsa ' 



Type of Approaclv 



Factpr 



Irrigation 



Overland flovl 



Infiltration- 
percolation 



Liquid loading rate" 


'0.5 to 4 in./wk 


2 no 5,5 in'./wk 


4 to 120 in./wk 


Annual application 


2 to 8 ft/yr 


8 to 24 'ft/yr 


18 to 500 ft/yr • 


JL'and reqyijed for 
1-mgd flow 


140 to 560 acres 
plus buffer zones 


46 to 140 acres 
plus buffer zones 


2 to 62 acres 
pjus- buffer zones 


Application 
techniques. 


*I!Pray or surface 


Usually spray 


Usuall/ surface 


Soils 
• 


Moderately per- 
meable soilrs with 
good 'productivity 
when irrigated 


Slowly {>erme^le*i 
soils such/as clay 
loams ami clay 


Rapidly permeable 
soils f such as 
sands, loamy sands, 
and sandy loams 


Probability of 
influencing ground- 

' water nnalitv 


Moderate 


Sl^t 


Certain 


Needed depth to 
groundwater 


About 5 ft 


Undetermined 


About 15 ft 


Wastewater lost to: 




Predominantly 
evaporation or 
deep percolation 

^ '* • 


Surface discharge 
dominates over 
evaporation and 
^ percolation 


Percolation to* 
groundwater ' 


^a. Adapted from [62). 








b. Irrigation rates of 4 
would average about 2 


in, /wk are' usually 
m . /wk. 


seasonal; yearly maximum 


loads of 8 ft/yr 


*Factors^in Site 


Selection 







The major factors involved in site selection are the type, 
drainrability-, and dejDth -of soil; the» nature, variation of 
deptyfi, and quality of groundwater; the location , (depth , and' 
' type^-vQ^ underground, formations ; the topography; and con- 
sideration's ^f public acc>ss^ to the land. Climate is as 
^important as the i^nd'in the' design and operation irri- 
gation systems. In site selection, howeVer;* it is not a 
variable since most economically "feasible sites will be 
located within a limited transmission distance from the 
sourde. V 

The" major factor's and generalized criteria for site selec- 
^tion ;^e listed- in Table 3. Soil draxnability is perhap-5 

the primary factor becailse,. coupled with tKe type of -crop 
.or vegetation 'selected, it directly affects the liquid 
. loading- rate.' A moderately permeable soil capable of 
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Table's. Site Selection Factors' 
'and Criteria for Efflue^nt Irriga|:ion 



> 




Factor 


Criterion 


' • ] 
' Soil type 


Loamy soils preferable but mo^t 
soils fronj sands; to clays are 
acceptable . 


Soil drainability' 


Well drained soil is- preferable ; 
consult experienced agricultural 
advisors . 


Soil depth 


Uniformly' 5 to 6 ft or more 
. throughout sites^ is preferred. 


.Depth to groundwater 


c 

Minimum of 5 ff is preferred. 
Drainage to obtain tl^is minimum 
may be rec^uired^ 


-'Groundwater control 


May be necessalT' t,6 ensure 
renovation if water table is less 
thanj^O ft from syrfaca. 


» Groundwater movement 


Velocity and direction must be 
determined. 


"Slopes 


Up to 15 percent a^e acceptable 
with or without terracing. 


Underground formS^tions 


Should be mapped and analyzed - 
.with respect to interference 
with groundwater or percolating 
water movement, . " . 


Isolation 


^^oderate, isolation ' from public 
preferable, degree dependent on 
wastewater' characteristics , 
method of application, and crop, • 


Distance from source 
^ of wastewater 


A matter, of economics. 
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infiltrating approximately 2 in./day or more, on an inter- 
mittent basis. is preferable. In general, soils ranging 
from clay loams to sandy loams aire suitable for irrigation. ^ 
^il depth should be at least 2 feet of homogenous material 
and preferably S to 6 feet throughout^ the aite'. This, 
depth is needed for exteAsive root development of some 
plants and for wastewater renovation. FoT cropland, agri- 
cultural extension service advisers ot adjacent farmers 
should be consulted. For forest dr landscape irrigation, 
university specialists should be consulted. * * 

ml ^ 

The minimum depth to groundwater .s-hould be 5 feet to ensure 
aerobic conditions [50]. If the native grpundwafel^is 
vfithin 10 to 20 feet of the surface and site drainage is ' 
poor, control procedures , such as underdrains or wells, 
may be required. If the groundwater quality is signifi- 
cantly different ^om the renovated water qu^ity, control 
procedures may again be necessary to preveir^^termingliilg ' 
of the two waters. ' - ^ ^ • 

' * ' • ' <> 

For crop irrigation slopes should be limited to" about 10 
percent or jLes-s depending upon the type of farm' equipment-' 
to be used. Forested hillsides up to 30^ percent in slope ' 
have been sipT^y irrigated successfully [53]. 

A suit^Ble site for wastewater irrigation .would preferably 
be located in ah area where pontact between the public and 
the irrigation water, and land is controlled. ^.Landscape 
irrigation, however, often*maRes this condition difficult. 

"Metliods of Irrigation ' - ,^ 

~ ^ — L 

There are three basiA: methods of effluent irrigation:^ 
spray, ridge 'and furrow, and flood. Spray irrigation ' ' <^ 
may be accomplished using a^ variety o-f systems "from portable 
to solid-set sprinklers [40}. Ridge "and furrow irrigation 
cbnsists of applying water by gravity flow, into furrows. 
The relatively flat la-nd is groomed into alternating 'ridgeS 
and furrows with crops^rown on the ridges; Flood irriga- 
tion is accomplished by inundation of 'land with several . • 
inched o-f water. The type of irrigation system to use 
depends upon the, .soil drainabil^ity , the crop, the topography, 
and the relative economics. ' * v 

Loa-ddng Rates * * , * ' 

Important rates are liquid loading in terms of inches . \ 
p.er week, and nitrogen loadirig in terms of pounds per acte. 
p^r year. Organic loading rates are less important pro- 
vided that. an intermittent application schedule is . followed. 
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I»iquid loadings may range, from 0.5 in./wk to 4.a'in./>wk de- 
pending on'the soil, crop, clim'ate, ai\d' wastewater 
characteristics. > Crop requirements generally range from 
0.2 to 2-.0 in./wF, although a specific crop's. water needs 
will -vary throughout- the- growings season .' Typical liquid 
loadings '^-6" 'irom 1.5'to,4.0 in./wk.-- Although wastewater ^ 
irrigation rates .have ranged in" some cases up to 7 or 
8 in./wk, t}(e upper limit for irrigation, the. basis of 
this stud)^,'^ should be 4 in./wk. Therefore, the division , 
between irrigatioil and >filtration-percolation systems as 
defined in this study is 4- dn./vfk. - • " • 

Nitroge'n, loading' rates 'have been calculated because of 
nitrate- buildup in soils, vindeTdjain waters, and ■ 
groundwaters. To'"* minimize such buildup, the pounds of 
total nitrogen applied in a year should not greatly, exceed 
the pounds of nitrogen removed by crop harvest. , For ex- 
ample, an effluent containing "20 mg/L' of nitrogen applied 
at 5 ft/yr would equal a- nitrogen loading rate 6f 270 - 
Ib/acre/yr. If the irrigated c^op takes Up only l-SO lb/ 
acre/yr, most of the exce5.s nitrogen w'ill leach to the 
subsoil and ultimately, to the groundwater. In most cases^, 
with loamy soils, the permissible liquid loading rate 
wili'-be the conl^-rolling. factor ; howeveT, for more porous , 
.sandy soils the nitrogen loading rate may be the contro-lling 
factor. 

Management and CroTJping Practices . . ^ 

Cro*D -selection can be tas.ei on several 'factors : high watei: 
and nutrient uptake^, salt or. boron tolerance, marke.t value, 
or management requirements. Grasses with high year-round 
uptakes of water, and nitrogen and low maintenance require- 
ments are popular "choice^'. To 'ensure the die-off, of anaero- 
bic bacteria, an aerobic Zone- in the .soil is ne.cessary. A 
drying period/ ranging from several hours each day to several 
weeks- is retiuired >to' maintain aerobic soil conditions. 
The length of time depends ^pon -the crop, the .wastewater 
characteristics, and" the length of th^e application period. - 
.A ratio of, drying to wetting of about .3 oi; 4 to 1 should 
be .considered a minimum. 

Wastewater Renovation ^ — 

.Renovaijlon jE- th? wastewater occurs generally after passage- 
throuVh^The^irst 2 to 4 feet/of soil. Monitoring to deter- 
mine the- extent of. renovation is generally no-t practiced ; 
when it is practiced, however, removals are found to be on 
the order of 99 perceijt for BOD, sjaspended solids, and fecal 
coliforms. As irrigation soils kre^oamy with considerable 
organic matter, the heavy metals, phd^phorus, and viruses 
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are retained in the sx)il by adsorption* and other me'chanisms. * 
Nitrogen is taken lip by ^lant growth, andlif the crop is 
harvBsted, the removals can -,be on' the QVrde'r of 90 percent: 

OyERLAND FLOW • * 

Overland flow or spray-rurtoff (see Jigure 1) has b_een used- 
tor some time at Melbourne, Australia, where it isv known - - 
as grass filtration. Although it is bWng trifed experi- 
mentally on municipal wastewater at Ada, Oklai^ma, it • ' ' ' 
has been more completely developed for use ii/ the United 
States on food processing wastewater. Site sW^ction fac- 
T:ors, design loadings, management practices, and renovation 
to-be expected- will, be discussed here. . . ' 

Factors in Site Selection 

Soils with limited drainability, such as clays and clay 
loams, are suited to overland flow. The land sloatd have a 
slope between 2 and 6 perrcent [10] and a Ver.y smoo th ^ r- ■ • 
face so that the wastewater will flow in a ^tiea^x-tJ^ei- 
the ground surface. Slopes gfreater than 6. pa-i^ent can be 
used successfully but may introduce problerat^ such ^s 
erosion", and difficulties in using "farm m^hinery . 0Grass 
IS planted to provide a habitat for the bacteria which • 
provide the renovation. As runoff -is expected, a suitable 
means of f inal^disposal should be provided. 

Because groundwater will not likely be affected by overland • 
flow, it is o'f minor concern in site selection. The ground- 
- water table should be deep«»r than about 2 feet, however, so 
that the root zone is not waterlogged. , 

■Climatic constraints have not been thoroughly testedr,^ but 
industrial systems are. being .operated in California, Te;cas , 
Ohio, Pennsylvania, , Indiana, and Maryland. In an industrial 

^ system designed in 1972 at Glenn, Michigan, an attempt will 
be made to- .use overland flow when the ground is frozen. At 

. Melbourne ,.. Australia, overland flow is used during the ' ' 
mild winters when evaporation and rainfall are low [30] . 

Design Loadings ' 

^ ■ ^ • . 

Systems are generally designed on the basis of .liquid load- 
ing rates, although , an organic loading or detention time 
•iterioji might be developed in, the future.' The process i: 



in 
cr 



- , process is 

essentially biological with a minimum contact time between' 
bacteria and wastewater required for adequate treatment. 
Liquid loading rates used in design .have ranged from 2'. 5 to 
5. ,5 in. /wk, with a typical loading ' being 4 in./wk for food 
processing wastew-ater. At Ada, Oklahoma, .the optimum ^ 
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loading for Qommirt|ted municipal vastewater has been around 
4 in./wk,- Wh'iir a«elb*ourne, Australia, the Ijoading rate 
is 5.2 in'./wk, £'6r ^treated municipal' wastewater . 



^fanagement Practice's - Important management -practices are: 
maintain}.ng the proper hydraulic loading" cycl|e , maintaining 
an active -biota and a growing grass," and monitoring the per- 
formance of the system. Hydraulic loading cyc\p.s or 
periods-'o£ application followed by renting, have been found 
to range. from 6 to 8 hours of spraying followed by 6* to 
~18 Wr's of drying for -successful opera.tiojis . Periodic 
.cutting of the grass with "or without . removal is important, 
but the effects on organic oxi^ati-on have not been -fully • " ■ 
•demonstrated/ Monitoring is needed to maintain loading 
cycles ^at 6ptimum'>aluesv for maximum. removal efficiencies. 

Waste water Renovation ^Overland flow systems at Nfelbourne, 
Australia, and Ada, Oklahoiiia, using municipal wastewater, 
and at Paris, Texas, u-sin4 indtistrial wastewater , 'have been 
monitored to determine removal efficiencies. The expected 
ranges based on. results at these sites are BOD:and suspended 
solids removals of 95 to 99 p-ercent; nitrogen removals of .70 
to 90 percent, and phosphorus removals of 50 to 60 percent. 
' Removal -of solids and orga;!«<s is by biological> oxidation. 
of the solids as they pa^ thrbugh the vegetative litter^ 
Nutrient j;S?moval mechanisms include crop ^Ptake , biological 
uptake, denitrification,* and fixation in. fh# soil. 

INFILTRATION.-PERCOLATI'ON * ■ 

The infiltration-percolation approach, illustrated in 
Figure 1-, has been used with moderate .loading rates (4 to 
60 in./wk) a^ In alte'rnative method to effluent -d'iicharge 
'into surface-waters. "High rate systems (5 to 10 £t/Wk) 
have been designed, for groundwater recharge. These l.atter v 
• Systems have been carefully designed and Monitored , and 
most of this, discussion, i^oncerning sitfe' selection , design 
loadings, management practices , -and^ wastewater^ renovation , 

will deal with them. . ♦ ' ' 

f . 

• Factors in Site Selection 

Soils with infiltration rates of 4 in. /day t9 2 ft/day, or 
. mo-re, are necessary for successful* use of the infiltration- 
percolation approach. Acceptable soil .types include sand, 
'sandy ioaijis , loamy sands, and gravels. Very coarse sand, 
and gravel is not ideaKbecause it allows wastewater* to 
* i)ass too rapidly ihroti-gh^he first few feet where the 
major biolTogical arid chemical action *akes place'. 
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Other factors 0f>^importance include ^percolation ratis, 
depth, movement and quality of groundwater^ topography, and 
underlying geologic formations. To control the wastewater^ 
after it inf ilt'rates'_the surface and percolates through the 
soil matrix, the subsoil and aquifer characteristics must 
be known. Recharge should not be attempted without *sper ' 
~6if,ic 'knowledge of, the movement pf the water in the ' 
system and the groundwater aquifer » ' 

Design Loadings ' ^ • ' 

^As ilidicated, *there are two ranges of liquid loading rate's, 
moderate and high, depending upon the loading abjective, ^ 
For 'direct recycling of wastewater to the land/by 
infiltration-percolation, liquid loading, rates' range from 

\ 4 to 60 in./wk [26]. Organi'c loading rates ' are ^generally 
of • secondary, imgprtance for moderate rate systems. * 

Fpr high rate systems, liquid loadings range from 5 to 
, 10 ft/wk. Organic loading rates range from 3 to iS^^t^s 

o£ BOD/acre/yr. Municipal high rate infiltration- . ,^ ^ 

percolation ^systems generally pretreat the wastewater • . 

to secondary quality ^to maintain high liquid loadi^ 'rates.' 

Industries ha've tended to rely Aore on the assimilative 
^capacity ofv^t^i^ soil, and thus have generally used pre- 
^treatment on]jj to avoid operatiqnial problems. 

Management Practices . ' ^ ' • 

Impor.tant management prd:ctices imclude maintenance of r 
hydraulic loading cycles, basin ^urface management, and 
system monitoring. Intermittent application of wastewater^ 
is required to maintain -high in:^ritration rates , and the 
op'timum cycle , between' inundation periods and resting peri- 
ods must be determined for each individual case.. Basin 
^urfaces may be bare^, covered with gravely, or vegetated. 
El^ch type 'require^j' some« maintenanc'e and inspection for 'a 
satisfactory operation. Monitoring, espe.cially of ground-^ 
wat/er levels' and quality, is essential to ^ system manageme^ . 

Wastewater Renovation - ' 

Removals of * const ituents by the ;f iltei'ing and sti\aining 
action of soil are excellent. Suspended solisds, fecal 
conforms, and BOIJ are almost cojnpletely removed in most 
.casesr. Nitrogen . remov^ils are/gin eral.ly poor unless specif-* 
ic operating procedures are established. to maximize 
den-itrif ication . Phosphorus removals range f;r,om 70 to 
90 percent depending on the physical and chenScal tchCrac- , 
teris-tics of the soil that,Minf luence re'te^ntion of. 
phosp*horu3 . ' ' . - ' 
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/other land application approaches , , ' 

Where are several other' approaches to land .application^in-/ 
biuding subsurface leach fields, deep well injection,^ and ^ 
^apor,ation ponds. Such techniques aVe generally limited, 
in. thfeir applicability. Leach fields are prevalent -in rural 
areas fo*r small .systems and are, like l^y^to remain so. Deep ^ 
well inj'ecUon provides no substantial renovation; to- the 
was'tewater. Pretreatment must be to. a high q.uality, and 
geologi-c conditions must be such tha/t the water will^ot 
spread to -other 'aquifers . Evaporation ponds alsd-havfe 
limited applicability because of the large .land require^ ^ 
ments and climatic constraints. • " • 

reliability" of application APPJIOACHES ' ^ ■ ' 

•Relialbility of land application involves considerationss'of 
•long^ term use, wastewater renovation, and minimization of , 
tdverse environmental impacts: Unlike mechanical treatment 
facilities, land application iacilities do not^ave a .fixed 
expected useful, life. The useful life depends upon factors 
such as the mana'gement , the . soil ,^th,e climate, and the 
wastewater characteristics. Also, changing land use needs 
•and wastewater 'management obj-fectives affect t-he expected 
life of a system.. These factors, .as they .affect the relia- 
bility of «Lrrig.ation, overland, flaw, Snd infiltration-, 
percolation, will be discussed - her^e , * . / . - 

Irrigation . *' • 1 - ' 

Wastewater irrigation 'has proven to be reliable ' in tern\s >f 
long useful life.. Examples are the sy-st-ems ^t Cheyenne , 
•Wyoming", operating sinc^ -rgSl ; at Fresno , Calif ornia , oP?, , 
'ating since 1891; and at- Bakei-sf ield , • Cal-if ornia , operating^ 
since 1912'. . ' . . ' ' "' * \ - ' 

As indicated previously, wastewater tenova'tion as a re.suU. • 
of irrigation is quite high. With prope^r management, degra- 
■ elation of groundwater and he.alth risks can be avoided. * 
Irrigation has had many positive effects on the environment, 
such' as improvirig soil conditions and proVriding^ wildlite- ^ 
habitats. It can therefore be concluded that irrigation 
is- the .most reliable approach to land apB^ication ot • , . 
wastewater of the methods investigated. . '• 

Overland Flow I 

; — • • - « 

Less is kn^wn abeut the 'ctseful life of an -averland flow 
sys.tem thah of an irrigation system, The system at - 
Melbourne/ Ausliralia,* has been operating s-ucpces.s fully for 



many yeaxs^-as a -wjja^r time 'alternative to irrigation. The 
oldest 6pefating^system in this country, however, has been • 
treating industrial wastewaiter for less than 20. years. ^ 
From the eVideace in the literature, an indefinite useful 
life may 'be possible if effective management is provided. 

Removal efficiencies are/TTso quite good for overland flow. 
As it is a biological process, a period of intermediate 
treatment will occur ^before the biota are fully^ esi^bUshed 
Renovation of wa*5tewater •by overland flow is Only slightly 
less complete than that f or ' irriga^tion , the major exception 
•being a rather low removal phosphorus. 

Adverse environme^ital ^eff ect5 from oVerland flow systems 
should be Mnimal. As a runoff flow is created, J.t must 
be either stored and reused of discharged to a surface' 
watercourse. Because- infiltration ijxto the 'soil is slight, 
the chances bf af feeding groundwater -quality .are minimal. 
Buildups' o-f salts may occur over time, dependi^g on the 
operationr but -these would have little effect on^other 
aspects of the" environment . - ' 

^ Infiltr at ion -Percolation - , ^ " ' 

The useful' I'ife of an infiltratiok- percolation system will 
be shorter, in most cases, than that for irrigation or over 
land flow. This is cause'd by higher loadings* of inorganic 
constituents, such as phosphorus and heavy metals, and' the 
fact that these constituents' are fjjted in the soil matrix 
and npt' positively removed. Therefore^ exhaustion of the 
fixa^tion capacity^ for phospho^r^us and heavy metals will he 
a function o£ the. loading rate and the fixation sites 
available.. At •Lake George , -New Yark , phosphorus retention 
on the, basis o£ recent monitoring in 'some percolation beds 
kgpears to have been exhausted through 10 feet of soil, 
'Wie" system* h^d been operating 'about 35 years at^oderate 
rates of 7 to 15 in./wJc [3]. 

•/ 

The degree of ^wastewater renov^ation achieveji by 
infiltration-percolation- varies considerably with the soil 
charaetetistlcs' and management practices. Nitrogen re-, 
movals. up to 80 percent have been obtained by careful man- 
agement of the'hydraulic- loading cycle at Flushing Meadows, 
Arizona (2 to 3 weeks' wettijig, 2 weeks' drying). Overall 
nitrogen removal, taking into account the high nitrate ' 
concentration flushed 'to the groundwater at .the beginning 
•'of inundation, average^ 3B^qyHTC«rt-^[ 6X» Removals of phos- 
phorus and heavy metals are also generally less than for 
irrigation. , , ' * ^ r , 



From the st'^ndpoint cr£ environmental , effects , infiltration- 
percolation hasyd'emonstrated the leas^t amount of reliability 
of the three approaches. Most systems that have been. moni- 
tored and managed properly, however, are' quite reliable in 
this regard. Infiltration-percolation also has the advan- 
tage o£ provid?.!;^* a tertiary level of treatment at a rela- , 
tively low cost. , ' ' 

APPROACH SELECTION " _ 

Irrigation', averland 'f low, and inf iltra^'tion-percolation have 
many common aspects,, but ^any different factors must be con- 
sido^red in selecting' among them. ' Approach selection will 
be discussed from* the standpoint of (1) the 1972 Federal 
Amendments -to tjie Water Pollution Control Act of 197B, 
^(2) wastewater managen^nt obj ectives , and (3) technical 
factors . . , , ' - - 

1972 Federal Amendments *s ^' 

"Land application was "given* a substantial role in the .Federal 
WatQr 'Pollution Control ^Amendments of 1972. Elimination 
of the discharge of pollutants* to navigab-Ie waters by 1985 
is -the state'd goal 'of those ^ame^dments . Land treatment: 
and the rscycldng of potential wastewater ^pollutan'ts through 
irrigation miist be given due consideration in wastewater 
management plans. ^ ' , ^ 

Wastewater Management Objectives 

objectives for wastewater management have been listed in 
Table 4 along witji ^he capabilities o£ each approach in 
meeting them. There are other possible objectives and - 
tho^ that 'migh^ be specific to industrial wastewaters- have 
not been included. As indicated, irrigation provides con,- 
siderable renovation; however^the major, portion o£ the 
wastewater applied is lost to evapotranspiration . Unless 
excess irrigation water is applied and underdrains or re- 
covery wells are used, the approach is impractical as a 
means of reclaiming wastewater.- 

r 

Tech]»ical Factors ^- Y ' • 

Physioal aspects of. the available land, such a^ soil type,, 
underground formations, and ground- slope , will influence 
the approach selection^ Other technipal factors include, 
wastewater characteristics and flow rates, climate, and 
whether the flow remains constai;it throughout the year. For 
seasonal flows, such as those «from 'canneries , the seleqtipn 
of the overland flow system, like any biological -system. 




Table, 4. Coihparison of Irrigation/Overland- 
Flow, and Infiltration-Percolation for * ^ 
Municipaf Wastewater 







"j^ype of ai)pronch 




Objective 


Irrigation 


^Overland flow 


Infiltration-' 
percolation 


Use\as a, treatment process with 
» Acwwi/ iciiuvuLcu water 


• 

Impractical 


50 to 60^ 


Up to'$>o% ;\ 


Use £or treatment beyond 
secondary: ^ , 




^ recovery 


recovery ^ 
J • ' 


1. For BOD and suspen^ded 
solids removal 


90*-99i 


90:99% 


90-901 


• 2. I^or nitrogen removal 


Up to'9a*i^ 


70 -'90% 


' ^ ,0-80% 


• 3. For phosphorus removal 


80-991 
^ Excellent 


50-60% 


70-95% 


Use to 4jji;ow crops for sale 


, Fair 


Poor . ^ 


Use as direct recycle to '* 
the land. ^ 


Complete 


Partial 


^ Complete 


Use to recharge- groundwater 


0-30^ 


• 

0-10% ' 


Up to 30% 


Use in cold clipates 


Fair^^ 




Excellent 



a. Dependent upon crop uptake. 



b. Conflicting- data- -woods irrigation acceptable, cropland irrigation marginal. 

c. Insufficient data. ' ^ 



I 



must .take into account an annual startup period,. Soli ^ 
classification, an important independent variable, has been 
graphed against liquid loading rates as the dependent 
variable • The ^resultaht combinations have -been blocked out, 
as' shown on Figure 2, for the typical ranges' for each land 
application approach, The'se are not intended to be a de- 
sign guideline but rather a general aid in the process of 
approach sele.ction. 
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clay ', clay loam SI-LT'LOAM . LO|lf= SANOY 

^ ■ .. .SOIL^TYPE ^ . 



lVkml^Vmy sano sano 



^ FIG08E 2 •- 

' SOIL TYPE.VERSUS J.IQUID LOADING RA/ES 
FOR. DIFFERENT lAND' APPll-eATION APPROACHES 
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^ , . SECTION V 

.WASTEWATER AND' SITE CHARACTERISTICS ' 



Knowledge of 'the characteristics ,^o£ both the .wastewater to 
be applied %nd the site where the application will take 
place is. critical to successful design and operation of 
land' application systems. In this section, municipal and"" 
indujMiJial wastewater characteristics that affect land ap~ 
plj-cation methqdl will be discussed; The factors involved 
in site selection for. individual land application approache 
have been^ discussed in Section IV. The discussion here 
will present overall characteristics of -sites iBdf^s^fully 
used, for land application.!' - ^ % * * , - ' 

WASTEWATER CHARACTERISTIG||||, • \ 

The characteristics of municipal and industrial wastewater 
.may be. classified as physical, chemical, arid Ijiological. 
Municipal wastewa^r characteristifcs are listed in^*Table- 5 
-for (1) untreated wastewater (2) . a typical secondary efflu 
ent, and (3) effluents that have been, applied to the land. 
The degree of pretreatm^ent normally given by secondary 
treatment processes- .c,an'be seefi by comparing columns 1 .and 
2. ,A discussion of the effects of conventional wastewater 
treatinent on charactier istics is presented at the end of > 
this, subsection. ' 'T 

\lndustri^l. wastewaters contain many "of the constituents 
found in municipal , wastewaters , but their characteristics 
vary widely by industry, by product, and even by processing 
technique. A typical industrial wastewater does' not* exist ; 
however, ranges or maJcJjnum values of characteristics of 
industrial wast ewaterS^tHat /have b'een .successfully applied 
to the land are. listed in Table 6.* Important characteris- 
tics will be discussed here by classification. , ' 

Physical Characteristics I ' ) 

The most important physical charatteristtxr^f wastewater is 
its total solids content. The solids include ^flioating 
suspended, colloidal, and- dissolved matter . * . 
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Table 5. ' Municipal WasT-ewater Characteristics 



Constituent 



'7 



Untreated 
sewage 
(1) 



mg/L (except as noted) 



Typical j. 
secondary 

treatment Actual quality 
effluent applied to land 
^(2), ' ' (3) ; 



Physical 



r 

Tntft'l <;olids 


700 


425 




760-3,, 200 

J 

10-100 


Total <?usDended 
solids 


200 


25 




Chemical 










Total dis-solved 
solids 




*f uu 




7 en- 1 inn 


pH, units 


7.0±0.5 


7.0±0. 


5 


6.8-8.1 


BOD • 


200 


25 




10-42 


COD *^ 


500 


70 




30-80 


. Total nitrogen 
Nitrate-^nitrogen 


40 
0 


20 


1 


io;-6o 

X 0-10 


Ammonia-jiitrogen 


25 






1-40 


Total phosphorus 


ION 


• 10 




7.9-25 


^hldrides 


50 


45 




40-200 


Sulfate 








107-383 


vAlkalinity (CaCO^) 


100 1 


_ _ * 




200-700 


Boron 




' .1- 


0 


0-1.0 


Sodium 




50 




190-250 


Potassium 




14 




10-40 


'calcium 




24 




20-120 


Magnesiupi ' ^ 




17 




10-50t-^ 


Sodium adsorption 
^ ratio ^ ' 




2 




Jj.5-7.9 



Biological" 

Coliform organifsms, 
MPN/100 ml. 



10^ 



* 2.2-iO^ 



Sources: 

Colur..n 1-'- Medium strength [34] 

Column 2,- [2]. ^ 

Column 3 - Range of values^o 




ined from s'ite visits. 



. 27. 
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Table' 6.' Characteristics o£ Various' ,. ' 
Industrial Wastewaters Applied to .the Land - 



^ ^ ' Cons*tituent , 


Food 
proce-ssing 


Pulp and paper 


Dairy 


•BOD, ftg/L" 


200-4,000 ^ 


60-30 ,000^ 


• 4,000 


COD, mg/L , 


500-10,000 






Suspended solids, mg/L 


iOO-3,000 


^ /OO -100,000 




Total fixed , 






s 


dissolved^ solids , mg/L^ 


3^800 


2,000 


1,500 


Total nitrogen, mg/L 


10-50 




90-400 


pH 

0 


4.0-^2 


6-ll_ 


5-7 


Temperature, deg F 


145 


195 

0 





The suspended solids are very important because tfiey h^ve 
a tendency to clog the sodl pores and' coat the land surface 
Other physical characteristics 'are teniperature , cdMF; ^ 
and pdpr. Temperature is not a ^great problem for municipal 
Wastewater effluents • because they have a fairly even tem- 
perature, 50 *deg to 70 deg F, which is not harmful to 
sM^l or vegetation. High temperature (above I'SO deg F) 
inmistrial wastewaters, such as spent cooking liquors 
from pulping operations, can sterilize the soil, thus 
precluding the growth of vegetation and reducing the reno- 
vative capacity of the soil mantle. , ^ ■ ' 

Color i*s of minor .importance ' in municipal wastewater ; how- 
ever, some industrial wastewa^ters (spent sulfite liquor) 
have significant color, which can be transmitted through 
the soil [5] . ^ ' . 

f)dors in wastewater are caused by the an&erobic decomposi- 
tion of organic matter. Although hydrogen sulfide is the 
most important gas formed -from the standpoint of odorsf"**^ 
other volatile* compounds such as ijidol, skatol, and mercap- 
tons also cause noxio»u5 '•^dors . These odors* are often 
^released to the atmosphere by spraying or aerating. - 



Chemical CharacterisJ:ics ' * v ^ 

'Important chemrcal cjiaracteristics have been listed in ' 
Table 5, TDS (totaT dissolved solids) are important be- 
cause, at least for ^ the f-ixed or mineral TDS, the soil does 
not provide a p6siti-ve long term remgVal mechanism^ With 
irrigation, evaporation will concentrate the salts in .the 
soil, and' the^"' subs eqiierit high concentrations may»be injuri-\ 
ous to plants, or may he ieached to the groundwater. 

The pH and alkalinity are . generally q£ coTreern only for in-' 
dustrial wastewater,. For example', cannery wastewater 
often exhibits wide , fluctuations ' in pH, *and neutralization 
may be required. ' » 

Organic matter as measured by the COD and- degradable organ- 
ics as measured by the BOD will be effectively removed by 
land application. If the; COD is much greater than the BOD, 
or if the wastewater contains organic* matter that, is starchy 
or fibrous, the organics may buil'd up ^nd cause .clogging of 
the soiT poTes. \ ' , " ' , 

Witrogen is important T)ecause , converted to the nit^kte 
form, it can pass easily .through the .soil matrix, • Total 
nitrogen is l:he sum of the organic, ammonium, nitrite', and 
nitrate form concentrations. Nitrogen can be removed by 
land application through plant uptake'^ith harvest and by 
denitr if ication , ^ ^ i ' 

Phosphorus and he^avy n^etals are easily fixed in most soils 
\)j precipitation and adsorption, Sandy soils provide fewer 
sites jn the soil matrix for adsorption*; .hence phosphorus 
retention capacities are relatively short. Concentrations' 
of heavy metals, such as copper and zinc, can build up to 
,phytotoxic levels in time, depending 'On the soil type afid 
method-of operation, , • " ' 

High sodium concentrations relative to calcium an^ magnesium 
concentrations can caus^ def locculati'-oii of clay soils. and 
reduce the permeability. For. such , soils "hard water makes, 
soft land and soft' water makes hard land*^ . ^ ^ 

^ Biologjrgal Characteristics ^ ' ^ ^ ^ 

Municipal wastewater contains many bacteria and viruses. 
Industrial wastewater^- ^are not free of mictoorganisms , but 
usually do not have enteric bacteria.^ The^presence of 
enteric pathogens- is often ascertained by testing for the 
coliform -group'.* E.,^Coli ( Esclier ichia coli ) are used as 
indicator organisms because they are present in the diges- 
tive tract of man ^and are more numerous and more easily * 
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tested for than pathogenic organisms. Aerobacter ; a common 
soil 'bacteria , exhibits many o£ the same responses as 
E.. Coli j 'and the differences must be teste.d for using the 
confirmed test for coliforms. If fecal coliforms are not 
distinguished from soil coliforms, the efficiency of the 
soil" system in removing fecal coliforms .will be 
indeterminate. • 

Effects of Pretreatment on Waste\^ater Characteristics 

Conventional wastewater treatment begins with preliminary 
operations, such as screening and sedimentation. Effluent 
from these operations, referred to as primary, has had the 
bulk of large objects grit , and floatable and "seftleable 
material removed. Sedimentation typicadly removes 50 to 
65 percent of .the. suspen*deH selids, 25 to 40 percent of the 
3OD, and many pollutants such as Ascaris eggs. • 

Secondary treatment consists of biological oxidation by 
activated sludge or trickling filters, or physical-chemical 
treatment by preoipitati^on, filtra/tign,, and carbon 
adsorption. Effluent is low^ in suspended and organic mat- 
ter and readily disinfected." Most dissolved inorganics ^are 
not affected by secondary 'treatment . Secondary treatment 
dpes provide an additional removal of bacteria and viruses 
by flocculal^ion and seqondary. sedimen;tation. 

* N ' . / , * ♦ 

/ 

Disinfection; the selective destruction of disease-causing 
organis^ns, may* be accomplished using heat, ozone, bromine,*' 
iodine, or,^ost commonly, chlorine. Adequate disinfection 
requires col^iete and rapid Tnixing and a minimum contact 
time. ' The p|^kence,. of suspended solids hinders the process 
of disinfection therefore , secpndary effluent, is more 
readily disinfected than primary effluent. The nui#)er • 
of coliform organisms t:an bQ r'educed by disinfection tech- 
niques from 10^ organisms -per 100 ml to less^ than 2.2 orga- 
nisms per 100 ml, \^ ^ h ; 

SITE CHARACTEklSTICS 

Important si^e characterisstics for land application syst<|ms -v, 

are climate , ^soil , topography," geologic formations ; arid 
groundwater. , . 1 

Climate ' " . " ^ • 

in most land application systepis , tTje vegetation cover is a* 
major factor i^ the success of the Isystem,. Both the rate 
of growth of vegetation and the ratS of decomposition of 
organics in. the . effluent are. regulated , in largje part, 'by 
the energy available. •Mo'st places^. in the United States have 
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sufficient energy for the development of a good ground 
Qover, of vegetation,' although low levels of Energy, receipts 
in "the winter , in northern areas, with -resulting cold tem- 
peratures, 'Will* limit the rate of decomposition pf any 
solids removed from the effluent. 

\ ' ^ . ^ > / ■ 

It has been possible, to subdivide the United States into 

5 zones or areas in which climatic conditions pose quite 
similar i:onstrainlts to the operation of land application ^ , 
systems (Figure 3). Ii^. preparing »the map , an effort was^ 
made to ,simplif^/distribution patterns; where possible, 
state bourioaries *were used, for ease in setting zone'.bound-; 
aries even though climates seldom changp at such political 
subdivisions. , r • - 

"^ne A, which covers California 'except fjor th^ extreme 
southeastern part 'delineates the unique Mediterranean' cli- 
matic, region with its marked seasonal pattern in 
precipitation. Average annual prfecipit^tipri is about 15 to 
25 incTies confined generally to the 6 months .from November 
to April; practically no precipitation falls; in the other 

6 months of the year. Temperatures "are -mild in winter 

and hot in summer so that ther*^' is adequate energy in almost 
all seasons for plant growj^h. , Storage of effluent due to 
fre^ezing will not be- necessary but may be 'desirable to^maxi- 
mize^ sunjmer application rates or -to make the addition of 
nutrients contained in wastewater correspond to cr,op 
requirements.' v . -^'^ ^ 

'Zone B covers southwestern JJnited, State's^ an area of very 
ho't, arid climates. Wipter storage* of effluent should'^no't^ 
'be a concern although- there will, be a real, problem due to 
the lack of suf f icient 'moi^/l5^e for vegetation growth in 
* all seasons unlessj irrigation is available. Ther§ may also 
be problems of sal;: ^jLn the soil if bracjcish water is" used 
in iirriga^ion or constitutes a significant portion of the 
effluent . - . • . ' ^ 

Zdne C covers primarily the states i^e.ntified as, the ^Mid- 
and Deep South as*,well as, the w^estern portions of Wa^hington^ 

' and Oregpn. In general; precipitation varies from 40 to' 
60 ijiches during the year , ^nd temperatures, range from the • 

'low 40s invwinter to the low 80s in summer, except for the- 
Washi^^gton-dregon^ area which experiences /mild summefs and 
winters. Twe.],ve -month bperation of land/ application systems 

ppssible 'from the standpoint of temperature. However, 
the well distributed and'relatively high precipitation ^ 
eliminates the -need for extended periods ^f irrigation 
whdch are desirable from the .standpoint of, wastewat»er ^ . 
lapplica^ion. • ^ ^ * ' 
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CLIMATIC ZONES 




MEDITERRANEAN CLIMATE - 



DRY SUMMEt 
ARID CLIMATE 
HUMID SUITROPt€AL 



MILD. WET WINTER 
HOT, PRY 

MILD WINTER 

(iA^HINQTON, ^0R^60N AREA MILD, MOIST SUMMER)^ 
HUlilD C8NTjNENTAL - SHORT WINTER. HOT SUMMER 
HUMID CONTINENTAL > L0N6 WINTER. WARM SUMMER - 



HOT. WET SUMMER 
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i . FIGURE 3 , 
GENERALIZED CLIMATTC 70NES- FOR LAND APPLICATION 
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> Zone D covers the middle-. tie,r bf^tates running eastward 
from Colorado to southern New England and the eastern por- 
tions" of Washington and Oregon. The climates a^'e marked 
by moderately cold win1?fers (average temperatures in ^he 
20^), hot summers (.average temperatures in. the -mid-yOs) , t 
*" 'and. precipitation well* dist-ributed ,thrbugh the year. Soraf 

irrigation might* be needed in the we'stern portion for yege- 
• tafion development but little wo.uld be needed in the east. 
Winter temperatures are cold enough so that effluent stor- 
xSt^ for several months or so may b^ necessary'. 

* Zojie E covers the northernmos.t tier of states. Ve'ry cold 
winters with warm summers and adequate moisture for vegeta- 

- tion exist. Winter operations are quite limited because 
the cold winter -temperatures , with ice and gnow, require 

- the storage of • effluent /for' anywhere froirt" 3 te 6 months. 

Because the water needs of plants ar6 affected by the 
air' temperature, humidity inclination of the Sun, and 
wind velo_city, climate will , affect irrigation and overland 
ffow more than infiltration-percolation. The,Unit^ States . 
Weather' Bureau collects and* publishes a great deal o'f _ 
important climatic dataTand should be consulted for local ^ 
recor4s . _ - ^ 

- Soit' . . . V - " ' ' 

The imp*6rtant soil ' chaf^acteristic-s are-its drainability , 
which is related to soil structure and texture as well ^as 
geological Constraints, and soil rehov'ative capacity, which • 
-\ is related, to texture and chemical characteristics. . 

Drainabi lity -^Drainability is the ability of a. soil tp 
allow water to infiltrate the surface and percolate through 
^ the soil pores. - Light, coarse text\ared, .granular soils are 
usually well -drained and are most suitable ,for infiltration-' 
■ percolation. 'On the other hand, heavy, fine textiired soils 
such as clays, are usually poorly, draijied and ^^re- most suit- 
able for overland flow. • ' ' , ' * ■ " ♦ 

Soils may be considered well drained if an application of 
^ 2 in. /day will infiltrate into the ground within 24 hours. , 
In determining drainabili1:y local farmers , 'agronomists , or- 
ag'ricultural extension service experts -should be consulted.. 
The stan-dard percolation t,est results, -should -not ba relied. 
upon for design purposes because thfey represent conditions 
of,. constant inundation, in a localized'pit , without taking 
-into acc-ount lateral flo;^. within th^e.s.oil. ^ ^ 

-Reno vation Capacity - Nearly all soil systems are efficient ^ 
in removing organic mattei^^-^his removal is a'Tesult of 
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he filtering action o£ the soil followe^d by biological' 
oxidation of the organics. Fine textured, soils , such as ^ 
* clays, and soils with' cpn'sid'erable. organic matter, 'such as ' 
loams, will also retain wastewater constituents through ^ 
mechanisms such as adsorption, precipitation, and ion i V ' * 
e-xchange,^^ The fixation (includes all three mechanisms mfen^ 
•-tioned) capacity of a ^oil can be determined in laboratory\. 
^ or pilot investigations, Exce-lleAt sources for detailed 
descriptions of the renovation capacity of soil are Bailey ^ 
'[48] arid McGauhey and Krone [28]>. The Soil , Conservation 
Service' of the U.S. Department of Agriculture has extensive ' \ 
soil^maps that include data' on phy-sical charajcteristics 
such as soil-type and texture to^ a dep,th of '5'feet* 

Topography and Geologic Formations ^ , / 

Topography will influence the land application approach^ and' 
^'$he method of wastewater application, , Rolling hills can \ 
be used for overland flow or spray irrigatibn depending ^ ' 
on the soil, Inf iltrationrpercolation generally require* 
flat land, although in Wisconsin, a ridge and furrow s)/stem* 
was carved into a 5 percent sTope using a series of ' 
'^terraces [4], . ' - • ^ ^ 

Cropland irrigation requires rel'ative^ly flat* land in otder 

to use farm machinery, but *forested hillsides uji^ to 30' * ' 

percent in ,slope have been used for land application by 

paying [53], ' . , ^ ' ^ . 



The drainability of a soil can be restricted 'or'^eikhapced by 
underground formations, , Underlyi-^ rock or impermeable , 
layers may serve as a barrier to percolating water. On.the^ 
othet hand, a fine textured soil can^be underlain byi sand . 
^ .and 'gravel layers or fracturefl: limestone layers which ^ 
are more ^ferme able than the. top soil. As indicated in 
Section lY^, infiltration-percolation site selection requires 
, the thorough, mappiiT^ ^of4>underlying formations.. The y,S, 
/ ' Geological Survey is the major source for these data, 

~ Groundwater 
.« ■ — _ 

« * 

\ the depth, ^ movement , and quality 9f groundwater are impor- 
tant considerations in determining site characteristics , 
For. infiltration-percolation the location ari^ possible con- 
trol '|)y pumping of aquifers are major factors in »site'' 
* selection. As indicated in Section IV; the chances o% irri-^^ 
gatidn and overland flow affecting groundwater quality are 
moderat^ and slight, respectively. The major con^^ern with , 
-Irrigation' is that the groundwater level maintaiaed\bel6w 
the roQ/t zone to protect, the vegetation, A mininmm depth - 
to gronndwater has Jiot, beem>determined for ^overzand fldw! 
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, " ' SECHON VI 
- SYSTEM DESIGN AND OPERATION 



Land application systems, in'many cases, have-^een started 
as an expedient, and available technology' did hot contribute 
to the planned operation o£ the system. . This is esiiecially 
true for modera^te sized and small systems.. Those features' 
that have proved successful at different locations and^are 
worth-^f note* are discussed in this section. 

IRRIGATION , ' . : 

Irrigation systems in operatio-n in 19 7-253range from new SRjray 
' systems \ at at. Petersburg, Florida, and Ephrata, VTashington^ 
to a 9b-\year old flood system at Cheyenne, Wyoming. .• I^hfe 
design and operation ^of muni^cipal and industrial irrigation 
systems will be (Jescribed here. • . ' < 



System -De sign \/ .«» _ " , , 

Lmpo-rtart^ d^it^eria in 'd^gn are wastewater quality and . 
pretreatmeilt , 'loading ra%5 , drying period, crop seleGtion, 
distributiofi.,; an^ prbvisi-ons fSr ^seasonal change,. 

rektihent" For." municipal waste - 



> 



stewater Quyn«^.ai\d'ip-^el 



wa^er - irri'gatJLon^V'ptetxeatjTi^t.' is generally f squired by 
state regulation^ '-l^k*'^^^"*-''^^^^ untreated wastjewster 
is forbidden in n^^^fl^^s . and' T:he £iual4ty.>df wastewater, 
is often dictated foi" 'jl'r^i^ation of ed^Jle ;cr^op|. , In most 
-of the citi.es surveyed, ^ecandaty tfeatften-tis^provided ,v 
prior to irrigation. Mj»fmffln[i\preti^a£i9^t^«f|^SindUstrial 
was'tewaters has geinerally consisted of screej^ngN.to temove • 
.large solids.- This was found to be^equified - So r/ -efficient 
operation of sprinkler systems. , ' : \ . ^ 

Loading Rates' - As indicated in Section IV,, ty^i^al- liquid " 
' loading- rates are 1.5 to -4.0 in./wlC. " Liquid^ loadings should 
be based on the consumptive use o£ the crc^^r p.rfigated. , / 
"^Irrieation Vracticed^with wastewater haviijg'*TDS coijceiitra- » 



tion^ above 7 50 



mg/L . (especially/ in the s<o^JhwestV should 
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include ap.plying wastew^ater in excfess o£ crop requirements 
to leach the salts out of the root zone.. The determination' 
of liquid loadings should made from previo-us., operational 
e-xperience, experience" with closely^ similar conditiotis , 
^:pnsultation wit}*« agricultural experts, or from pilot work. 

,Nitro*gen loadin^g rates shsuld not grealfly exj^ed the'^^niJra- - 
geli taken up annually- -by the crop. For ejc^airiple, Reed canary 
grass ean take up , 226s^lb/acre of nitrogen per "year based 'on 
3.65 tons/^cre/yr (additional uptake data in Volume II). 
Organic loading rates fqr industrial wastewaters of 150 to 
2O0~l-b BODy acre/day .wi^thoiit adverse- effects have been 
teporteid— {43] . 

Resting Period - As a result of a 10-year study__at 
Pennsylvania State University, a loading cycle of spraying 
fo'r I2,hdu5-s followed by restifig for 6 days has been 
established [41]. Hill [19] reported resting periods for 
-spray systems tang itig -from I to 14 days. Ridge" and furroi 
and flooding systems generally resul't in applications of 
.3 to 4 inches in a matter of hours . Resting periods for 
these systems have. been as long as 6 weeks but are typi- 
cally 7 to 14 days. • m 

Crop Selection. - As indicated in- Section IV, crop selection 
can be based on several factqrs Pasture grasses and 
alfalfa have been popular choices for municipal effluents. 
Industries have generally chosen hydrophytic grasses that 
take up large quantities of water. The Natidftal Engineering 
Handbook of the Soil Conservation Service contains lists 
of boron and Salt tolerances of various crops [56] . 

Distribution^ System - Sprinkler irrigation systpms^^ner- 
ally have the most "complicated^ (distribution^ rf^twark. /^\ro 
handbooks on sprinkler irrigation 'are available [40 , 58] • ~ 
Surface irrigation systems consist of open ditches or 
'buried mains for "distribilting water to the fu-rrows or 
strips. Such systems have to. distribute the water across' 
only one dimension of the field. ^ 

Provi^ons for Seasonal Change - After th$> summer* Crop is 
harvested, a winter cover crop should be planted if- 
possible. In climatic Zones A ►and B it ma^ be possible to ^ 
double- or triple-crop a- piece, of ground.' ' 

Stoilage. is r>e<iuired where freezing temperatures do not per- 
"^it t^i^er operation. When irrigation begins "^gain" in the 
spring, the stored volume as well as the daily occurring 
flow must be^us^d. . . ^ 
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*.Some iWustrial sys1;ems provide continuous spraying through 
freezing weather ^wi1#hout^dverse effects on the ve'getation 
[15] • At other systems 'damages to vegetation from mntter 
spraying are claimed; {42]_*' * ^ '\ ' 

Operation and Management ' ' 

It is vital that management pel'sonnel have a working knowl- 
edge' of farming practice;s- Crops have chang^pg needs ^for ' • 
water and nutrients throughout their growth period, and 
application frequency^ must reflect these changes, 

Moiiitoring ^t)f changes i'h the Weather, soil charact^erist ics , ^ ^ 
soil water, groundwater and crops, is^ important to success- 
'ful long.tenm operation. Analysis ot the results of such 
monitoring will^'^indicate any adverse -change^ ; Management 
changes can 'then be initiated to correct for the^^viron- 
mental* impacts . ^ " ^ * 

If the crop is to^ be harvested, wastewater applications 
must be halted toallow drying of the soil, harvesting of ' / 
the crop, and, if necessary planting of another crop. 
Industries have tended to shy away from grazing "irrigated 
lands. They'ofteh mow the grass ^but jk) not harvest it. At 
Beardmore; in Canada'/ the grass is-kept between 2 and ^ * . 

5 iiTches hi^h for optimum operation. " _ - 1 

OVERLAND FLOW .V . 

The design and operation of overland- flow systems have been 
developed for indu^rial wgistewaters ; therefore .these sys- 
tems will serve as ,a basis for most of this discussion, 

Systjem ^ Design - ^ \ ' ^ 

The design '•^f an overland flow system ^entails selection*^ 
a suitable site and' land preparation, .considerations of 
wastewater q^iality and pretreatment , determination ojf^ load- 
ing ra-tes, selection of cover crpp and layout, o^f the dis- 
"-tribution and collection system, -Site selection factors^- 
have been discussed in Section IV.. ^ 

Lan d Preparation - Uniform slopes between 2 and 6 percent 
are preferred with no depressions or gullies. The surface 
musr be quite smooth to promote a thin she^t flow. A slope 
length of 175 feet has- been«-found. to provide sufficient der 
teation 'time to ^chyeve effective treatment for the degrad- 
abie food processing wastewater at^ Paris, Texas UO] . 

Wa5i:ewat'er Quality and Pretreatment - Pretreatment require - 
ments for overland flow are spreenmg for large solids 



-.removal and probably grease removal. .At Paris, Texas, the 
•grease concentration in the untreated wastewater is quite 
high and must be reduced to minimize buildups in the distri- 
bution lines. ■ At Ada, Oklahoma, municipal wastewater with 
. comminution as pretreatment has been sprayed successfully 
in a pilot operation. . " ' . 

•' Loading Rates - Liquid loading rates that have been, used ' 
successfully in the" design of overland flow systems have 
ranged ^rom 0.25 to 0.7 in'/day. Nutrient- and organic 
loadings have not been correlated with treatment efficiency, 
detention time on the field, or crop t^pe as ybt. 

Crop Selection - The cover crop "is essential to the design 
because ^it serves as- a media or habitat for the biota that' 
are responsible for the ojcidatibn of organic matter. The 
.crop also serves to prevent erosion and to take up signifir 
cant quantities of nutrients from the wastewater. • 
Effective , cover crops include Reed canary, tall fescue, 
trefoil, and -Italian' rye grasses. Italian rye grass is the 
dominant spec-ies in the "grass filtration" system 'at 
Melbourne, Australia [22}. 

* * ' ' ' * * 

Tpistribution and Collectioiy Sys-tem - Distribution systems 
include the 'same basic components spray ir^rigation 
systems. Buried, permanently s^t systems h^aVe be§u found 
to* be preferable to portable or aboye .ground aluminum 
systems. ^ - ^ 

A* network of .di^tchfes must' be constructed to ,intext:ept the 
runoff anflT to ^channel i^: to the point of discharge or 
sforaMi- The ^collection systefin should , be designed to ac- 
cept ^e added flow fr,om rainfaU runoff. 

Operation and Management > 

The. pajor tksks involved, in operating an oVe.rland flow sys- 
tem^ include (1) "maintai'ning^ the proper -ajiplication frequency 
or hydraulic loading cycle;., (2) managing the cover, crop, and 
(3) monitoring .the system performance. 

Hydraulic Loading Cycle - Cycling *of the Wastewater appli- 
cation must be programmed ta keep the microorganisms on the 
soil surface active.^ The application period should , be con- 
trolled so as not to oveYstresrs the 'system and bring about 
anaerobic conditions. The resting ^period should be long, 
enough to allow the soil surface layer' to reaerate, yet 
short enough ^,to keep the microorganisms in an active state. 
Experience with existing systems indicates that practical 
cycles range from 6 t:o 8 hours -0JL*and 6jto /iS hours off, 
.depending on the time of the year. / 



Cover Crop Management - Removal of the ci^p, is necessary 
(1) to realize the removal of the nutrients and minerals 
that have been Mkeri up by the plants and (2) to realize 
'any' cash value. of the crop as hay. . Cutting of the crop. is 
beneficial from an operating standpoint, because^ it elimi- 
nates the- possibility of tall grass interfering with waste-.. 
wat6r. distribution. On the basis of experimental work .coli- 
diicted at Paris, Texas, it- is possible to predict the 
time .of year and stage of grdwth whpn hay.of the highest 
valtre can be harvested [10 , 16] . ■ - 

Monitoring Monitbr-ing is. necessary to maintain loadings 
on the system within design limits. A routine .monitoring 
program should be~ establisjied* to determine both the^applied 
and ruhof f ' f low rates as vjell as selected influent' and 
effluent- quality parameters . 

IfJFILTRAT ION -PERCOLATION • '•■ 

This approach encompasses groundwater recharge projects, /, 
municipal effluent recycle to the land, \ and industrial 
wastewater recycle to the land. All three tVpe^ have been 
"demonstrated to be successful; hbweyer, high :rate ' recharge ^ 
"systems., involving municipal wastewater will be the focus ^ 
o£-mdst of this \discussion. ^ 

SystSirr Design • 

The important elements of .design are slite selection, waste- 
water quality and pretreatment, loading rates, types of 
basin surface, and recovery. Site selection factors have , 
been discussed in -Section' IV. •* " * , 

Wa stewater Quality and Pretreatment; —.The major, quality 
factors affecting the. infiltration ca^piaoitx^of a system are 
the concentrations of suspended ,solid&^-'and "organic material, 
Pretreatment to secondary quality is suggested for municipal 
wastewaters to be applied, at hi^h rates. Ag^in,^ industrial 
wastewaters- have been screened or'-settled. to prevent sprink- 
ler nozzles from-clogging. - " , , , - « 

Loadin g Rates - Liquid loading rates generally range from 
4 to 60 in./wk for moderate rate systems and 5 to 10 ft/wk.- 
for high rate systems. The, design rate must be determined 
on the basis of pilot, work *where infiltration and perQola- . 
tion rates are studied for the particular soil over a con- 
siderable- period of tim»f. It should be estab^ishe'd for the 
poorest climatic conditions that can be reasonably expected, 
Because the' liquid loading -rate will undoubtedly change 
during the course of operation in response to variations 
in climate, wastewater characteristics^ or gr&undwater 

' - • - , . ^ ' - • 
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leve.ls, an excess^capacity should be included in the design. 
A reasonable range for excess emergency capacity would htL_^ 
10 to '25 percent with 20 percent as typical. ' ■ 

^ ' ' , • «^ 

Organic loading rates of 150 to 200 Ib/acre/day ^ 27 to \6 
, tons BOD/ acre/yr^ave been used successfully for industriK, 
applications. For munici^l wastewater a, loading rate of?^ 
30 tons Ob BOD/acre/yr has-been reported [61]. Th'ese load- 
ings should be consider^fi^pr limits for design unless 
.pilot' studies show otherwis%? 

Type of Ba^sin Surf ace y-Xka surface of an infiltration- ' 
'perce-J^atlon basin shoimr^^^esigned to disperse the/ 
clogging solids [28]. This has been, accomplished by/grow- 
ing vegetation or by adding a "layer of graded sand c/r 
grayel to the surface. At Flushing Meadows, Arizona, the 
vegetated basins were' successful [47]. At Whittier 
Narrows,, California, adding a layer of pea graVel is re- 
ported' to have increased thS'^* infiltration capacity [29]. 
Seleqtion of the type of basin surface should 'be based, on 
comparative pilot studies at the infiltration site, 

- Recovfe^y ^ ReCcf^ery of ^renovated Wter cari be an integral 
part of the system design, as at Flushing Meadows, Arizona,' 
and Santee, California ^[31, 47], or it can be incidental 
wi.th the normal wLthdrawal from, the groundwate^i;^basin ^a$ at 
Whittier Najrpws and Heme^, Qalifornia [29, 59]. 

Designed recovery systems can prevent the. Spread of reno- 
vated wastewater to aquifers outside the system of recharge 
basins and recovery wells. By^ keeping the renovated waste- 
water separated from the natural groundwaters,, contAm-ina- 
tion can be prevented, especially with regard' to nitrates. 
In addition, renovated water recovered in this manner could 
receive additional tre^ment, such as for nitrogen removal, 
or could be used exclusively for purposes bes^t suited *to its 
quality, such as irrigation or recreational lakes. 

Operation and Management * / . 

ImportaiU aspects of infiltration-percolation system manage- 
ment incjude (1) hydraulic loading Cycles, (2) basin surface^ 
management, and (3) monitoring. ' . - 

Hydraulic loading Cycle - Intermittent operation is re- 
qulred to maintain design loading rates and the renovative - 
capacity of the soil. Experimentation is required to deter-, 
mine the best loading cycles consistent frith the ..objectives 
of t|ie system: * ^ 
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The resting period , 'which may vary from 1 to 20 days, is 
"Essential to allow atmospheric oxJygen to penetrate t|ie soil 

and reestablish aerobic conditions. As the surface dries, 
« aerobic bacteria become active in organic matter decomposi- 

- tion and nitrification. Otganic ma«tter decompo^iti.on helps 
break up the clogging layer, and the microbial nitrifica- 

- tion will fi;ee ammonium adsQtption sites on clay and humus 
materials. "When inundation begins again the converted 
nitrate wall be leached with "the "applied water until an- 
aerobic conditions occur and denitrif ication begins. 

Bisin Surfacfe Management ■- Wh^ere bare soil or" gravel sur- 
faces are used, they should be scarified or raked when 
soils accumulate. "For • vegetated surfaces", careful opera; 
tion of the- loading cycle is necessary iij the spring until 
the veg^tavHon is well established. The surface may be 
harrowed .on an annual basis to break up any solids buildup. 

. I, ■ \ _ ■ 

Monitoring - Monitoring is needed .to maintain successful 
. operation and to avoid conditions, such as nitrate or phos- 
phate" buildups , leading to significant environmental 
degradation. Flow meters pr^measifring ■ flumes are necessary- 
to measure the wastewater application rate. 

Sampling of .the J^astewate^ applied should be, done on a 
re'EUlar basis^r character^istics' such as BOD, suspended ^ 
s^ids, nitrogen,, phosphorus, TDS, and, coliforms. A com- 
plete analysis of minerals', including heavy metals , shpuld 
be performed it less frequent inteTva>ls: Groundwater or . 
^ percolate water quality should be sampled for the same 
■ " types of'charaeter istics . . ' . ' ~ ^y~^ 

Monitoring data should be analyzed to define -the opera- 
tional efficiency of the. system. <The resXilts should be re- 
.corded to maintain-an historical record. of the conditions- 
under which the^ system h^s operated, ai^d to serve as a basis 
for system, expansion. ^ , ' , 
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SgCTlON VII 
ENVIRONMENTAL -EFFECTS ■ 



The^performance of a land applicati4)n' system -can be meas- - 
ured m terms of its effects on the terrain ecosystem. TKe 
effects of land application of wasfewater on- the climate, 
soil, vegetation, groundwater, surface water^ arid air wilL 
*e described in this section. Public health considerations 
are discussed in Section VIII. „ ■ >. 



CLIMATE 



Evaluation of the, effect of-iarge land application systems 
on local climatic conditions- is difficult be-^use of-fhe" ' 
lacK of observations. 'However, it-^jis possible to draw cer- 
tain conclusions on the basis of observation^ taken around 
reservoirs both before and after their establishment, from 
studies in the vicinity of large irrigation enterprises, 
from investigations around large "evaporative cooling tower^ 
-for industry, and on the basis of various- theoretical- 
considerations.. V , 

The .Cities man has builY, the swamps he drains, and the- ■ 
reservoirs "he creates- have- resulted in modification of the 
climatic conditions over rather limited areas (neglecting-- 
air -goUutio^ effects)... The reason for this lies mainly in 
the. relatively small maghitxides of the lieat and moisture in 
puts -involved m man's activities as compared with those 
m nature,. - ■ - - : . • 

The climatic changes that accompany irrigation enterpirises 
are relatively local in extent. Air moving over an irri- 
gated tract will rapidly pick-up moisturd and the air tem- 
perature will cool. Wi;thin the first few hundred feet in 
all but tje most ari4, region, the air wil^l have essentially 
reached eijuilibrium. Once the air has le^ft the moist area, 
turbulent mixing will, within just a Tew miles, reduce its- 
moisture content to its original low.valiie and return. the 
temperature to its valu^ upwind of the irrigated tract ' 
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SOIL • • . ' ' ■ 

Soi; is affected greatly by the ap^pricatioiy df wastewater 
and in many cdses the -effects • are beneficial. Soil fertil- 
ity is increased by the addition. of nutrients. Soil tiitn 
is increased by the addition of organics , and in some 
cases, excess sodium conditions have, been corrected." For 
example, -at Woodland, California, allcali soil «that was- , 
practically impermeable ^rain and unacceptJab-le for com- - 
mercial irrigation purposes, has been partially renovated 
by wastewater application. -AlthcJugh the soil is , stilL alka- 
line, wastewater will infiltrate into it. at moderate rates. , 

The effects of sodium on clay .soil permeability is dramati-' 
cally illustrated by the pulping mill" wastewater system in 
Terre Haute, Indiana, which handles wastewater containing 
sodium concentrations in the range of 16 percent of the dry 
solids. The sealing effect of the sodium is sa severe that 
the fields must be rested several year.s'-and treated exten- . 
sively witlj gypsum before they can be used: again. 

Irrigation with wastewater can lead to salt and h^avy meta,l 
buildups" depending pn the soil', constituent concentration^ , 
and system operation. Toxic concentratioi^ of copperand 
zinc have apparently accjamuiated in the stf.il -at two, sewage . 
farms in France, but 4t has takeh^ver a century for. them- 
to develop (631: Toxic leyels of TDS in the soil can 
^/remedied by teaching, resulting in increased TDS levels 
M the groundwater . ►r ' . 

VEGETATION . - . ' ' ' • • 

The application of wastewater to crops is --very" beneficial 
because of the natural fertilizers - and nutrients- m the 
liquid. ^ ViT}tual-ly all ^essejitial- plant nutrients are found 
in wastewater.. On the basi^ of measurements made at , 
Pennsylvania State Univers^y (21, -413. i1:..was found -that 
the crop yield increases when -wastewater rather than ordi- ■ 
nary water Is used for irr igat-ioii . Yields for: hay increased 
as much, as §00. percent, -and. for corn, -SO-^^Fcent.^ ,^ - 

■ Heavy applications of wastewater can damage and kill vege- 
tation ,espfeciaXly t^ees (26, 42, 53]: High temperature 
industrial wastewaters [181 and high organic loading^ 
(2,000 lb/ acre/day) have also resulted in- killing 
vegetation ^51] 



GROUNDMTER 



. Pollution of the groundwateT by wasteyater applied to the • 
^ land IS a serious -environmental effect that must be guarded 

agamgt. As indicated in Table 2 (Section IV). infiltration' 
••percolation will definitely affect groundwater quality, 
and irrigation may affect it. The wastewater "constituents' 
of major ccmcern here are nifrogeji, TDS, toxic elements, 

• ,^ and pathogens.- ... . 

- Nitrogen Effects . ■ . • " ' 

•Nitrogen contained in_ wastewater applied to "the -land may' be 
m any of four forms: organic, ammonium, nitrate, and 
nitrite. Nitrite nitrogen is easily bxidized to nitrate in ' • 

• . the presence of oxygen so that -concentrations above l.O-mg/L 

for nitrite are rare. Nitrate nitrogen may be applied to 
the land when effluents are nitrified. " GeTierally, however 
organic and ammonium nitrog>en are the principal forms ' 
i applied' to land. ■ ' i . 

n ■ ■ ^ - . • ' 

' .Organic nitrogen, being suspended' instead of dissolved, is 

„v filtered out in the soil matrix 'and mineralized (decomposed") 

- ?.nto ammonium nitrogen. . The ammonium nitrogen, under a-ero- 

bic conditions, is oxidized by bacteria* in two 51:ep<s ' 

». ^ {nitrification) to niftratej nitrogen Nitrate' is not re- 

i tained in soil and will leach readily with applied water 

[52]. Nitrate may be removed by plant uptake^-6r by bacf^. 

' terial reduction to nitrogen gas (denitrif ication) . * 

TDS Effects • ' ' 

' • . ■ i • ■ ♦ 

The TDS concentration in the groundwater is affected by the 
.^^ leaching of minerals from the soil. The U.S. Public .Health 
^ "Service- has recommended maximum level for TDS of 500 mg/L 
in public water supplies. jAn extreme- example oi the in- 
crease -of TDS in groundwater due to' irrigation- occurred at ' 
Ventura in $outhern California. The applied irrigation 
water had a TDS concentration -of l',702 mg/L and'The test 
wells had concentrations o^ up to 8,128 mg/L [60^.. " 

, *■ VdS buildups as a result c^ inf iltrat^on-percolati'on are - 
less severe because only about 10 percent or less" of the 
applied wastewater evapora|:es. 'Because of the high liquid* ■ 
loading rates, the concentration iji the applied wastewater 
and that in the percdlate -^ill soon come to equilibrium". 

■ Industrial dischargers with high TDS wastewaters may be- , 

• ' constrained against using land application." At peardmore, 

Canada, application of "tannery wastewater with a salt con- 
. .centration reaching 3,06D.m|/L has resulted in'a chloride 
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increase in* adjacent potable water/supply wells which 
is' threatening the existence of the plant [42]* 

Trace Elements 

Trace elements include heavy metals., such as chromium, lead, 
ot copper, and refractory org^nics. ''Heavy metals' may- be ^ 
fixed in the soil and rendered* nontoxic by bacteria under 
cometabolism [36]..* Chemical precipitates- that -are formed 
ca'n ,be leacHed out of the soil if a heavy loading occurs 
or if a significant dec/ease in pH occurs. 

drganrics that are degradable are easily oxidized' \n the 
soii'mati;ix and, refractory organics are usually fixed "i^ 
the soil by adsorption. Some organics SMch as hUmic acids 
are mobile in the soil. ^ 

Bacte'ria anS Viruses ' 

The movement of bacteria and viruses with the percolating 
water is not likely to "cause a threat to health. <| On the 
basis of results from nuitierous studies at existing sites / 
and in laboratory e5(;per.iments , it can be concluded that 
;iios-t bacterra ^and viruses 'are removed^ after passage -through 
a few^feet of soil [^, ,14, 17,'2'3, 24 , 25 , 29 ; 64^]. At 
Santee, California, viruses injected into the percolating 
water were completely removed in 200 feet' of tray-el [31] . 

SURFACE WATER - \ ' ' ' . I 

The effect on'surface waters of land application! of waste- * 
water cai\ be iii^ two areas. First-,- the discontirtuance of 
discharge of treated ^effluent into surface waterfe could^, 
affect navigation and'^ the flow rates' associated ^ith down- ^ 
strea^n uses of the water; in tidal are.as, it couAd also 
pe-rmit the intrusion of saline waters further upstream 
than usual . ''^ ^ ^ ' j . 

Second, irrigation with underdrains and the oveijlAnd flow 
techniques will *produce^ ^n effluent that Gould tie dis-^^, 
charged to surface water^. In these cases stream discharge 
standards apply and' the effects of effl-uent constituents " 
mu^t be evaluated. Generally, with overland flow runoff, 
the only constituents that may be of cono^prn woijld 'be the 
phosphorus concentration. The bacteria and.virl|ses should 
not pose a problem. Overland flow at Melbourne; Australia, 
resulted in a 99.5 percent reduction, in E . Coli ].[22] . 



AIR • , • . _ 

Concern for effects on ^he air, from land application centers 
around the use of spririlclers. The effects of latfd applica- 
tion on air include generation of aerosols arid odor. 
Aerosols will be di'scussed in Section VIII. Odors are not 
produced by spraying But can be_spread that way • Odors are 
generally a sign of system ovei^ioading , poor management, or. 
both, "provided the wastewater applied has not become septic 
or anaerobic. , Once a wastewater becomes anaerobic it is 
difficult to spray, aerate, or spread it*^without producing 
some odors . . * - 



SECTION VIII 



PUBLIC HEALTH CONSIDERATIONS 



The passing of the Federal Water Pollution Control Act 
Amendments of 1971 and 1$72 has drawn attention to the use 
of land application of wastewater. Stricter laws arid reg,u- 
letion^ by. both state and feder|l agencies on health, as-' 
pects of land ' application will undoubtedly ^ be passed in the 
future. , * * ' , 

Public health^ aspects' ^re related tO'pL).the patlio^genic 
bacteria and Viruses present in municipal j^astewater and 
their_possible^ transmis-sion to higher ^biolqgical] form$ in- , 
..eluding man, *(2) chemicals that can^ pose dangers ^ to health, 
;*'ajid (3) the propagation of insects thit could be^^vectors 
in disease trknsmTssion . ^ . ^ ' ' 



REGUUTIONS state AGENCIES' / * , " 

There i$ no uniform pattern to -the Y^ulations in the United 
• States r In 1968, Coerver [9] ^ indicant e'd that 11 states 
had a specific policy toward se\^age- irrigation , while in 
1972 at leastr 17 states had specif ic^ regulations * [8] • ' The 
use of untrea^ted sewage or, primai^y effluent qji ye^getables 
grown for hunian consumption is, generally prohibited • Some 
states allow the use of completely treated', oxidized,' and 
disinfected sewage on fruits anfl. vege^:ahles which are eaten 
raw. Ot^er states ban the use •of afiyj sewage .effluent for 
irrigation of truck crop's and veg^abjtes. , Milk^cows may 
not pasture on sewage irrigatetF-Tands; in-.some states, -for 
fear of typhoid infection transmitted^* by udder 
contamination [54] /-Many states are. currently. tevising or 
producing new regulations concerning -land applicatdon of 
wastewater, * ' - ^ ^ 

. ' • 
" SURVIVAL 0? toHOGENS 

^The survival of pathogenic .bacteria and viruses in sprayed 
"^aerosol droplets, on and in the soil,' and on 'vegetation has 
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received considerable attention. It is important to real- 
ise that any connection between pathogens applied to land 
with^wastewate.r ai^d the ^^contraction 'o£ disease ',in animalS^^. 
or man Vouid require a long and complex path of epidemiqlog' 
ica-1- event^ . Nevertheless , ,questi'on's have been raised, 
concern exists, and precautions should be taken in .dealing 
with the possible disease transmission. 

> Aerosols' ^ . - 

Aero^lScare droplets of liquid that l:iaye become airborne. 
Aerosols geneifated in connection with inadequately disin- 
fected Wastewater may contain ' bacteria and viruses.* 
Spraying such wastewater will produce aeros^ols as will 
- ,a:eratton tanks, trickling filters^ and nonsubmerged 
outfalls [44]. 

The travel time and distance of b.acteria in air has-been ' - 
studied- in the United States and in Europe. The -stuliy rer 
ported by Merz [33] concludes that /the bacterial travel is ' 
limited to the distance of liravel of the mist from 
^ spririklers. Sepp [54] ^reported that, in a German study, 
the tfa^teria traveled from 4^0 feet to' 530 feet with( a \ 
6.7-iriiih wind velocity, .ft was* est fmated that the maximumj 
travel "would" range from 1 ,000 feet 'to l',^3#^^ fjset with an ^ * 
• ^ 11-mnh wind. " Most of the mist and ibact-e'ria landed withinj ' 
half {the* maximum measured distance.^ ' - ^ 

Studies have been itiade on the f avoidable • condit ioi^s for bac- 
teri'a to live in aerosol particles. It-was^ found that, as 
the ijelative humidity decreased and air tem][)erature. in^ 
created, the death rate of the bacteria increased [44]. 
' 5orber [57] indicates that a 50-microh water , droplet will^ 
' ■ e-vaf)orate in 0.31 seconds in' air, with SO percent /relative- 
humiqity and a temperature of 22 deg C. - thusT* dessication 
is- a ;major_factor in bacterial die-loff . ~ ' 

Finally, al4Jiough much remains to be determined in invest i^- 
• gatiiig aerosols and their ^)otential infectivityj many 
safeguards cani be* established . ' Amc^ng thes6 are .adequate / 
disinfection, sprinklers that spra^ horizontally or down- 
ward^with low nozzle pressure, and iadequate buff er- zones; 
Buffer zones may range from 50 --feet to .1/4 mile around a' 
site'[5*4].* 'Low^ trajectory nozzles^and screens of' trees • a^nd 
shrubs can be used to limit aerosol travel. The travel- , 
4^g Hg Sprinklers designed for Muikegon, Michigan', have! 
beenj modified to direct the spray' trajectory downward. 
Studies of .ae^esol drift are being .planned for the Muskegon 
• operation [57]. ! } ' * . * 



Survival in Soil and on Vegetation ' ^- J 

— — ^ ■ ; ^ " "~ 

« • 

The survival o£ pathogenic organisms <dn the^^ soil can'^i^ary 
from days to months depending 5n the soilT moisture , soil 
temperature, and' type of organism, ^epp [54,] and Dunlop 
[13] have prepared extensive tabulations- of" survival' times* 
of various organisms in soil, in water, and on vegetation. ^ 
In relation to survival of 'cpliform organisms*, same bacteria 
do survive for a longer time in soil. The survival ^f 
viruses in soil is essentially unexplored J'57] • In geji- 
eral, bacter^^ die more rapidly on vegetation than^ in -soil . 

GROUNDWATER POLLUTION , ' . 

'^Chemic^s. such as nitrates' and TDS can present heal th ^ha'^z - 
ards i.f they are p'reseijt in hi'g'h concentrations in ground- 
water that is used as a water suj)ply. Because nitrate has ' 
Ijeen demons trated* to be the causative agent of "methempglo- ^ 
binemia in chi Idren , *it's conce^ntration "in drinking water /is 
limited by rthe U.S. Public ^Health' Service" Drinking Wat^^^ ^ 
Standards to IS) mg/L as ^ nitrate nitrogen. ^ TDS ^,limits i;i 
drinking, water are recommended'^to be" 750 mg/L, because ' high 
v'alues of TDS*cdn be harmful to people wAth cardiac.,- virdl. 
Of circulatory diseases [57]. J t 

k ' - ■ 



INSECT PROPAGATION ^ ^ o 

Propagation of mosquitoes and' flies poses a health hazard, - 
as well as a nuisance condition. Mosquitoes are^knoviii 
vectors of several diseases [57]. In the Pennsylvania 
State study, mo.squitoes increased in population mainly be- 
cause^ of the wetter environment and the -availability of 
Sjt arising' puddles for bre.eding [41]. \ i. 

At several California indu-stri^l *land application sites the 
m^ajor adverse environmental effect has, bSen the propagation 
of Hiosquitdes. At Hunt -Wesson,, Dayis ,^ California,,, the prob- 
lem*' was anticip^ate^, ^nd mosquito fish dr gambus^ia were 
planted in the |run6f£ collectiori sump. Wher.e vejgetation is 
grown ample ixyin^ should be scheduled in theVoperation to 
prevent .massive mosquito propagation^. ] ' \ - 
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SECTION IX 
COST EVALUATION 



Cost evaluations for irrigation , overland flow, and 

inf iltrafiori-Rercolati,6n will be discussed in this 

section. Costs of existing systems will be. reported, and V 

typical costs |wili be presented for a hypothetical 1-mgd , — 

system operatiiag under' each of the three approaches. < 

REPORT^ COSTsI \ . " ^ ^_ ' ' . ^ j . 

^sts reported jin the literature are scarce and are given) 
'in various uniitis. Capital costs will l)e" presented, as \\ 
often as possic^le, in do.llairs per mgd or dollars pei« sCcrej. 
Where amort izaltion - of capital>costs^ is possible, the re- ^ 
suits wall be ;given in cents per thousand gallons of treated 
wastewater. Cjp^eTating and niaijitenance costs will be givek 
in ceVits per thousand gallons of treated- Wastewater when-l 
ever "possible.]; " i / 

' ' ' * % " 

Irrigation \ - - i ' ' 



Capital costs ]£or irrigation include those for lanlS'^pre-l 
treatment, transmission, and distribution.- Operating andj 
maintenance costs are for labor, maintenance, and power, j 
. There are direct economic benefits from irrigation that cjan 
offset some of^the operating costs. j ^ 

Land costs va^y tremendously but APWA found that a tyj^icM 1 
■ price in 1972(was $50p, per acre. Pretreatment costs for 
l^mgd syst-em t^nge fr^ 2 .7<f/l ,^000 gal. for screening to 
34'.6(f/l ,000 gal. for, activated sludger These costs are 
totals determined by adding amortized capJLtal C(jsts (25 ' 
years at* 7 percent) from Smith [5S] to operating and main 
tenance costs i' .The costs were updated to a Sewage Treatnlent' i 
V Plant Construction Cost Index of 192.8 for .January 1973 ^ 
HIndex was 100 in 1957-1959). " - . . • | 

Spray Irrigation - Costs for spray irrigation- are highly | ' 
.•variable, as $hown in Table 7. Repo-rted capital costs ; 
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. Table. 7. Reported Capital- and 
Op,erating Costs for Spray Irrigation 



.Capital cost. Operating 

cost ,b 

Location . started mgd' acres $/acte <^/gpd t/1 ,000 gal. 



Year r Flow', Area, 



1973 0^80 15.6 5 ,100* _ 11.5 
1972 0.44 55 3,700 47.0 



Belding, 
Michigan 

Ephfat'a, 
Washington 

Pennsylvania 1967 l.p^^ 129 
State ^ ^ 

University ^ 

'Middleville, 
Michigan 

St. Charles, 
Maryland 

Way land, 
Michigan 



1970 0.-^5 30.6 

1966 0.50 50 

1970 0.5 53 
1.0 



Moulton- . ^ ' 1966 
Niguel Water ^ 
District , ^ ' 
Cali fornia 



Idaho Supreme! 1968 ^ 0.63 
Potato Co. , ' 
Fir thy Idaho 

Portales , 
Hew Mexico 



80 



ciflabasas , 
Cali fornia 



1968 
1965 



1.0 ' 120 
3.0"^' 420 



2,700 ^ 

2,090 41.8 
1,900' 19.0 
1 ,^90^_^ 20.0 
1,^00 

jSGO 



140 



N/ 
6.8 



8.7 



23 V*^^ 2:7 



a: Capit^H irijprovements^ made from initral year to 1972. _ 



b. Based on }972 budget 
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range from $5,100 per acr'e for a solid set sTystem to $140^ 
per acre for a center pivot rig. Solid set systems ,are^ 
most commpn for munixipaiities , and the remaining sys^tems 
that are listed in Table 7 a.re • predominantly solid set. 
Capital cost components * for spray irrigation include pump- 
ing, transmission lines, and distribution netvjork. In some 
'casefe earthwork ;^suct^ as lev'eling^and cultivation, or 
drainage systems are required. . ^ o, . 

Operating and maintenance costs ran^ge from/a low 6f 
2.7*/l,00O gal. as^shown in Table 7 to 23'.S*/1 ,000 gal. for 
a cannery operating on a seasonal basis. .Cost compbnents - 
are powe.r^ ma(intenafice^ a^^ labor. 

Ridge and Furrow Irrlrg4tion - Ridge^ and furrow systems re- 
quire a uniform slope of 0.,2 to^ 0.3 percent, and thus earth- 
work-may be a major cost item.'' In rolling terrain,^ such as^ 
in western Wisconsin, the cost is high because of earthwork', 
as|. sjiown in Table 8. On, the other hand, in the relatively 
flat land near fiakersfield, Califqrniaj the cost^N Vr^'mich 
le'sV. At the Mpunt Vernpn Sanitary Dislirict the cost was 
$75'-per acrq which ' includefd levelirig, furrow preparation*, 
and fertilizing [32]. '\ - * ...t^ ^ 

Operating and maintenance costs are dependent upon the 
amount of maintenance, required. . If -freciuent cultivation 
and maintenance of furrows is r^cmired the costs will be 
higher than = for jspray r^ystems ; ; . ' ' • . 

Flood Irrigation — ' Capital costs *for flqoH irrigation , prp- 
v^ided the land is- relatively level r-*^® less tha^n for spray 
or ridge and furroW-^syst^ms^,^ as shown ^ in Table 9r As With 
ridge and^ furrow irrigation, the entire transmission atd 
distribution system can be by gravity. Maintenance f or ^ 
"flood systems is generally less than for ridge and furrow', 
and this is reflected in the lower ojjerating costs in \ . 
T^ble 9. ' ■ - . • o •> ^ 

Economic Benefits \— Cities such as^Wopdland, California, • 
Abilene, Texa^, Pdmona, California,' and' San Angelo", Texas, 
^derive direcJt benefits in diffe^rent ways'. At IVbodland, the 
city'^s land is leased far $2S per acre fori summer irriga--^ ^ 
^ion, and in addition, a duck cjrub .pays about $6 per, acre 
foK^he s3tme "land 'for late fa^l duck, hunting pfiv.ileges. ^ 
Atr^AJj^ilene, city land- is 16ase4 ,for $12 per acre, 'and addir 
tipnal effluent is provided to adj acent,< f a^ms inplace^ol 
cash payments as k result of a lawsuit settlemfe^nt. Pomona 
purchlases treated ^wastewater from the Los Angeles County* 
Sanitation Districts at_^7 per acVe-foot -and sells it 
to various users at. I'S to $22 per acre-foot. At San Angelo, 
four city employees opera'te the 750-acre cijty farm, at" a - 
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Table 8. Reported Capital and Operating 
Costs for Ridge and Turrow Irrigation 



LQcation 


Year 
started 


Flow, 
mgd 


'Area,] 
acre^ 


Capital 

1 — — 

■ ^/ acre 


^ a 
cost , ^ 

^/gpd 


0*pe rating - 

cost,l> 
&*/\. 000 oal 


Reference 


Wisconsin 
creamery 


^-T5 

1954 




5 


2 ,000 






V 49 


' ' Minnesota 
^ creamerj' 


1950 




. '2. 


8 " 300 




_ _ V 


49 


ir 

4 , Bakerfield, 
California 


1912 


12.3 


• 2,400 


f 


21 


4.8 


r > 

32 

Si 


Mouat Vernon 
Sani'tary 
District , 
0 California . 


1948 




1,000 


75 




« 


Minnesota 
f cannery ^ 


>1953 
« 










22.2^ 




Ontario 
- . r tannery^ 


1958 


0!o7 








12.7^' 


49 



a. Capital improvements made j^-om initial year 1972 . 

b. Based* OA -1972 budget. 
I c. dosts . for the 



' Table 9. Repotted Capital and \ • 
Operating Costs tat .F.lQg.d;^.:rt'TigatiQA^ 







% 










/ • 

* i 

. I^ocation 


Year, 
^ ' s tar£ed 


F 1 ow J 
' mgd « 


/■ 

V^rea, 
Vtre s 


-Capit^ll 
r- 

$/acre 


cost',^ 


Operating 

cosll , 
*/l-,aOO ga.l. 


• ^ Abilene , 
' Texas 


^920 


4.5 


r — 

1,550 • 

i « 






7.0 


\ Woodland, 
' California 


' ^ 1889 


8,7 , 


, 240 . 






;4'.2 


^ Ely, Nevada 


1908 . 


l.S 


1,400 




11 


4,.0 


. ^ , : 


1933 

' -v 


~ s.o^ 

♦ ■ 


, 64.0 
; 

^ V. 

4 




4 


3.0 

— ^ ' — ^ 



a. Capital improvements made* fr6m initial 'ye^r to 1972^ 
* ^b. Based on 1972 b.udgS^. . • . ' 



,.profit~«f >30 per acre. The operating costs for 1972 of 
$54,000 were offset by an annual retiirn of $76,700. 

Overland Flow 

An overland flow system is similar to a' spray irrigation 
system: in that sprinklers are used lo distribute the water. 
The main differences' are " that the land is sloping,^ the 
water runs of^, and the crop is not always harvested, ^The 
-capital and operating costs aref^evaliiated in the following 
discussyion, - t y ^ 

Capital Cost? - Capital cost .items include land , .pretreat- 
ment, transmissioir,- earthwork, distribution, and collection. 
Land costs are quite variable; even at tJie Paris, Texas, 
site they varied from ^50 to^ $600 per' acre for the 50b acres 
purchased [-8]. Pretreatment generally consists of 
screening. Transmission generally is by pumping. 

V 

Earthwork will, vaj^y with the or iginal topography .of the ^ 
site, kt Paris, Texas , ^rolling land was'regraded at a cost 
of $306 pfer acre for clearing, $108 per acre' for grass • 
cover, ai^d $188 per acre for miscellaneous work. On the 
other hand, complete re^gfading of flat land to 2.5 percent' 
-slopes at 'Davis', California, cost $1,500 per acre. * 

f . ^ ' ' 

The original di^ribution system , for Paris, Texas, cost 
$348 pfer acre to install [8]. Th^" cost in 1971 for the 
piping at the Hunt-Wesson site at Davids, California, w'as^ 
about $*1 ,250 per acre. ^ \ - . - 

CollectiTon systems for the runoff are normally included 
under earthwork. At Davis, California, the x611ection 
ditchjfes ^amounted to 10 percent of th6 earthwork cost- or 
about- S150 per acr£. * ' 

Operation and Maintenance - Data on overland flow facilities 
are ^arce because o.f the .limited number of^.o^.rland flow 
sites in operation. At Paris, Texas ^ the annual operational 
cost is 5^/1,000 gal. The operational cost is reduced 
slightly by the inconle p£ 0.4c/l,000 gal. from crops pro- 
duced on' the site. At Davis, California, the annual cost 
is approximajtely 5tol0^./l,000 gal. ^ 

Inf il trat ion-Percolation 

Capital and operating costSj» for infiltration-percolation 
systems will geifs^ll^ be less^^han those for irrigation or 
overland flow* because smaller land areas are used and dis- 
tribution is bty gravity flow; For high rate sysjtems, how- 
ever, pf.etreannent needs are substantially greater for 
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infiltration-percolation than for Irrigation or overland 
flow. . \. 

Capital Costs - These are costs' for land, pret reatment , 
earthwork , tf ansmiss ion and distribution, and recovery. 

At Westby,* Wisconsin , basins *were constructed in a 5 per- ^ 
cent hillside. Land cost was $"^50 per acre and earthwork 
was $2 ,500 per acre. The earthwork cost at Flushing 
Meadows , "Arizona, was Si, 500 per basin or'S4 ,500 per acre. 
This was an Experimental * research effort and costs for the 
2 acre^ are expected'to be high- • 

Buxton [7] has "calculated the cost of transmission and dis- 
tribution' at Flushing Meadows ar 498,000. The recovery 
wells there (600 gvm) are estiiu^ted to cost S35 per^^foot, 
or SI", 500 for each well. 

Operation ajid Maintenance .- Operation and niaintenance costs 
f OT inf il trat ion -percolat ion systems consist of costs for 
labor, maintenance , aifd power. At Flushing Meadows, 
Arizona, the operating cost is 2.4c/l,C';00 g^l. while at 
Khittier Narrows, California^ it is 2.7c/l,'000 gal. 

Sirspson Lee Paper Compajiy operates two pulp ana paper waste 
disposal systems ^^by inf il tration-percodation . At Kalamaz.oo, 
Michigan, in. /day is applied by spraying and at Micksburg, 
Michigan, 1 "in. /day is applied by spraying.. At Kalamazoo 
the operating cost'^is 2.6e/l,000 gal.,'a^d at Vicksburg the 
cost is 2 .9c/l ,000 'gal . PretreaTn^^t costs for primary 
settling are included in^both co'sts. 

COST COMPARISON FOR HYPOTHETICAL 1 -MGJ?^ SYSTEMS 
• « 

Hypothetical 1-mgd systems for' spray irrigation, overland 
flow, and inf iltracion-percolat jon ,Kere assembled so that 
^ their capital a^d operating costs could be compared". These 
systems were ' assumed to operate continuously without 
storfagev Typical costs were assigned for each ^component 
of'the system, and the totals are .shown in Table 10. , 
Capital costs in cents per 1,000 gallons are 10.1 *for 
spray irrigation., 9.5 for overland f low , and 5 . 3 for 
J.nf iltrat j.o-n-percolation. . Operating costs in cents per 
1,000 gallons are estimated to be 9.^ for spray irrigation,^ 
7.6 far overland flow, and 3.5 fo*r inf iltration-^percolation'. 

Pretreatment ' ^ ' 

Costs for pret reatmenj; have not been included in the cost 
buildup.* ' Jhe extent of the rreed for pretreatment for^irri- 
gatiofi and overland flow har not ^een firmly established. 
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Table 10* Comparison of Capital tand 'Operatirag ^ 
Costs for l-ngd Spray Irrigation, Overland Flow, 

and Infiltration-Percolatidn Systems^ ^ 











C^t 1 tern , 


Spray irrigation 


Overland flow* 


Inf I Irt rat ion - percolation 


iJiquid loxding rate, is./vk 




<.o 


60.0 


Land ased» acto 


103 




f 


Land required, »crc$^ * * 


12< 


* 


S 


Capital costs * - 
Land ( SSOO/acre 








J 62,000 


5 3S,S00 


^l^^oo 

10.000 


Earthvorl: 


10.330 


64 ,.000 




5 5 ^ 






^ 7ra2.siMSS2on 


132. jOO 




ii:,ooo 


Distribution 






5 .000' 


Collcctioa 




6 . OfcO 


30.000 


Tctal capital costs 


5395^300 


S3S4 , SOO 


S179.S00 


Capital ''cost per 
purchased acre 


s3,:oc 


•m 

" S4.600 


S3S.S00 


Ajso3;tircd cost^ 


S3". 000 


S34,"00 


515,500 — * 


Capital cost, </l,000 gal. 


10. I * 


9. 4 


5.5 


< 

Operating costs 








Labor 


^$10,000 


SIO.OCO 


J ; .500 ' . 


Maintenance 


19,400 ^ 


' l^JDoo ^ 


3.S0O- 


?owc r 


f 

5,seo 


5 , SOO 


I,SOO 


Total opctating costs 


j3S,:oo 


i2",SO0 


ji:,soo 


Operating cos t ,^ c/1 ,000 gal.' 




7.6 


3.S '\ ' 


Total cost, (/1,006 gal. 


19-" 


1". I / 


-3.8 


a, Estiaated for 19"3 dollars 


, H.^RCC index IstO^ 


and STPOC •jndex 


19;. 


b. 20 percent aJditional land 


p^rcni?cd (or buff 


cr :o:%cs and ad^^i 


: jonal capac ity . 


c. 15-year life for capital i 


teas , excluding land, interest rate 


7 /pe 7C c n t . 

/ 




» 




> 
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. • • ■ ■ X 

Itrigation .with primary 'effluent has been s^^ccesgful; how- 
ever, recent-* regulations m^y require ^ecoi^dary quality for 
irrigation. Screening and comminuting may be the minimum 
pretreatment required for overTand flow, but' this requires 
full-scale substantiaai^fi . High rate infiltration- 
percoi-ation requires secondary quality, Although moderate • 
rates can be maintained successfully with primary effluent 



r — Land 



The land needed for each system was calculated from -the 
1-mgd'flow rate and the liquid loading rate. Typical load- 
ing rates were chosen, and the resultant land area was 
increased by 20^percent for buffer zones for spray irriga- 
tion^and overland flow, or excess capacity for inf iltration- 
•percolaA:ion . A land price -of S 500 per , acre was chosen as 
•typical. , . . ^ ; 

Earthwork - • * • 

For Jarthwork costs" .it wa-s assumed that some land prepara-* ^ 
• tion was- reauired for spray irrigation at SiOO per acre. 
For overiaftd flow, t,erracing required major earthwork 
(assuming previously level lind) .at SI, 000 per acre. Also 
included were costs' for preparation ,3 planting , and 

fertilizing. For infiltration-percolation basins, ten ■ 

1/2-acre basins were required at SI, 000 per basin. - , 

Pumpin-g Stations > • ' 

A 1-mgd package punkping station w(^ld_ cost ..S50,000 for both 
the sprav irrigation and over.land 5»low cases. It was as- 
sumed thai_^he wastewater could be transmitited to. the site 
by g'ravity^low; therefore, no pumping stations for distri- 
bution were^ncluded; for 'infiltration-percolation.^ 

Transmiss ioji . . ^ ■ '\ 

The hypothetical site was. located 1 mile f^om the treatment 
plant or wastewater source. Transmission was by gravity 
flow through ax24-inch pipe, installed at a cost of $25 per 
foot. It should be noted' that the same plot of land was 
not being considered for each approach. f 

Distribution- . . 

For spray irrigation the cost .per acre in 1973 dollars is 
$1,400-. In determining this cost, use was made of a set of 
curves developed -by Allender [IJ presented in Volume IL. 
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For overland flow, the distribution pattern was not square • 
so a typical cost- of S1,QOO per acre* wa? chosen. Simiiarly, 
a ^cost of $1 ,000 per acre* was assigned for distribution 
among the 10 basins for infil tr/£t ion-per,colation . . 

Collection - / 

For overland flow, a series of c(jllection ditches we^re 
required at a cost of approximately 10 percent of the dis- 
tribution costs, or S6,0b0. For infiltration-percolation, 
3 wells for recovery wer^ required; The wells had a capac- 
ity of 600 gpm each and, at 100-roo't depths, cost $30 ,000 , 
including $15,000 for recovery pumps. 

Operation and Maintenance 

Labor requirements were based on one man, full-time, for 
spr-sy irrigation and oyer land flow. A single m^n three- 
fourths of the time was riecessary for infiltration-, 
percolation . • ' 

Maintenance costs were calculated as 1^ percent of thfe 
capita'*" costs o£ pumping stations, distribution', and , • 

collection. Power^costs were variable, but were expected 
to be 2c/hp-hr . - . _ 
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. SECTION xir • 

GLOSSARY OF, TERMS ', ABBREVIATIONS, AND 
CONVERSION' FACTORS 



TERMS • ^ • , ■ . 

Adsorpt icm --A process in which soluble substances are 
attracted to and held at the surface of soil particles. 

■ Advanced waste tre^ment - -Additional treatment dei^^ned to 
reduce concentration\s. of selected' cons tituents plr^ent in 
wastewater after secondar/ treatment . 

•mi' 

Mkali soil - -A soil with a .high degree of alk'alinity (pH-of« 
8.5 or higher) 6r with a high e^j^angeabl'© podium content 
(15 percent or more of the exchange capacity)., or both. 

Application* rates - -The rates at which the liquid is dosed 
to the land, usually in in./hr. \ 

Aquifer geologic f ot^natiorl ^"or strafsrthat contains watqj- 
and transmits it from oiie point to another J.n quantities 
sufficient to ^permit economic development. \ - <^ 

Border strip method - -Application of water over the surface 
of the S9il . - Water is applied at the aapper end of the long, 
relatively narrow 'strip . >^ ; ^ . 

Consumptive use - -Synonymous with evapotranspiration 

Contour chepk method — Surface application^ by flooding. ' 
Dikes constructed at contour intervals to -hold the water. 

Conventional wastewater treatment- -Reduction of pollutant 
co.ncentrations in wastewater by physical , chemical , or 
biological means. ' . 

DrainabiXity - -Ability of the soil system to"^ accept and . 
transmit water, by infiltration and percolation. 
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ve precipjltat ion —Precipitation that enter^ the soil 
usef ui far ^,plant ^growth • ^ ^ 

transpiration - -The unit amounts of water' tised ''an^.a... 
are'a injitranspiration , building, of plant tissue, and 
_^^draled from adjacent soil, snow\ or intercepted preci^pi.- 
tation an any , specif ied time. 

Field at;ea -:Tptal area of treatment for an .overland flow 
' syste.tn ^-includ'ing "the wetted area and^runoff area. 

Fixation- -A combination of physrcal and chemical mechanisms'- 
in ^e soil that'^act to r^ain wastewater constituents 
within the, soil, including adsbjptio^i , chemical precipita-' - 
tioi\^j^^nd ion exchange, - " t» 

Fl-Qoding - -A method of ^surface application of water which 
' includes border strip ^ contfour check, and spreading .methods . 

Grass filtration - -See overland flpw, \ " 

Groundwater -.-The body of water that is retained in sat-^ 
urated zone, which tends to move by hydraulic gr.^dient to 
lo^er levels • ' ' ' ' ' . ^ \ 

Groundwater table - -The free surface elevation of^the groui^^ 
water; this lev^l will rise and fall with additions br ^ 
' withdrawals -4 ' ' ' *' ^ ' 

Inf iltration ->"The entrance o^ applied" water into the soil 
through' the soil-water int*erface . ■ " ' ' ^ . 

; Inf iltrationrpercolation - -An ap^iroach to land^application 
in which large volumes of was tewater are^applied to the 
land,, infiltrate the surface, and percolate through the 
^soil pores *\ ' ' ' ^ . ' : 

Irrigation - - Application of Water .^to the lan^ to meel: the 
growth needs of ^ plants* ' * - / : 

Land appli cation —jj^he discharge of 'was tewate'^ onto the spil-' 
for . treatment or reuse . . — ' ' . ' ' 

Lo^'-^ing ra^es --The average amount of liquid or solids 
applied to^ the land over a fijced time period taking into 
* account periodic resting, 

lysimeter -^A device for measuring percolation ^and leachi-ng 
Ipsses from a ^ Column of soil. -Also'- a device for collecting- 
soil water in the field. • * - ^ 
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Micr,onutrieii> - - A chemical element necessary' in'^ohly small 
amounts (less than'l mg/L) for microorganism and plant 

growth. ' 0 , • ^ -r 

<> 

Mineralization - -The conversion of an element .from an or- 
ganic form to an inorganic icorm as a result of microbial 
decomposition. ' ' ' . > ' ^ ^ " 
' . » • ' ^ 

Overland flot^ - -Wastewater treatment by spray-runoff (alsp ' 
knpwn as ''grass filtration"j in wtiich wastew^ter"^ is sprayed 
onto gently sloping, •^ q^^ tively impermeable, soil whicli has 
'been planted to veget^lpn.^^ Biologipal oxidation occurs^*' 
as the w&.stewatet flows' oyer the ground and contacts t)ie 
oiota lit^ihe vegetative^ litter . . ^ • ■ 'I 

Pathogenic orgarnisms r -Micrao.rganisms that can transmit , - 
.diseases;^ . . * . . : ' - o . 

Percolation - -The movement ot .water -through the soil pores 
once-J.t has passed the sail>water ifi.terface\ 

Phytotox?c - -Toxic to plants,. ^ , /. 

. Primary ef fluent - -Wastewater that has been treated' by 
screening and sediraentat iorr. c ^ . ^ 

Refractory orgdnics - .-Organic m^terfals not removed in sec- 
ondary treatment. -.^-^^ 

Rid^e and furrow method - -The surface appTicaVion of water- 
to the land through ^formed furrows*; wastewater flows down 
the furrows and plants ifeay b§ grown on the:<-^dges. 

Saline soil --A nonalkali soil^ containing sufficient soluble 
salts to impair its product iv.ity . 

ISeco^ary treatment s-Treatment of wastewater by physical, 
chemrcal, or biological me.ans such .as 'trcj^kling filters, 
activated sludge, or chemical precipitation and filtration. 

Sewage farming - -Originally involved ' the transporting of^ 
^sewage to rural areas for land disposal. Later practice 
included reusing the water for irrigation and fertilization 
of crops . - . ^ " ^ ' . 

Soil texture --The relative proportions of the various soil 
separates- -sa'ndj silt, and clay. * . , . 

Soil water --Tbat water present in the soil pores in an un- 
saturated zone above the groundwater .table. • - 



Spraying - - Application o£ water to the land by means of 
stationary Or laovirig sprinklers • , 

. Spray -runoff - -See overland flow. 

Tilth - -The physical condition of a scril as<>rela^ted to its 
'ease , of cultivation, 

Transpir,ation --Th^ net quantity of water , absorbed through 
■plant roots and transpired, pluSy that used .directly ^ in 
building pLant tissue • ' ^ - ' 

Viruses - -Submicros^copic biologip-al structures, contajyaing ^ 
all the informatjo^n necessary for their ;Own reproduct iori • ? 

.Wetted area - -Area vithin the spray diameter of the . 
sprinklers . ^ V ' , 

ABBREVIATIONS , \ . . . 

acre-ft--acre-foot ■> 



5 



BOD 
-BOD, 

b,u- 

cm 

COD 
•^eg C 

de€ F 
diam 



fps 

ft 

gad 

* 

gpm 



- -bioch'emical oxygen demand 
'--5-day BOD " 
--bushel|| 
--centimeter 

--chemical oxygen demand 
-'degree Centigrade 
--degree Fahrenheit 
--difitmeter 



ENRCC -- £ngineering News-Record 'construction cost, (index) 



'--feet per second 
--foot 

--gallons per ac-re per day 
-'-gallon 

- -gallons per day . 
--gallons per minute ^ 
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hr 

hp.-Kr 

-si* 

. in . ' 
"lcv< 

: lb . • 
m - 

vmg/i ■ 

mi - 

min 

ml'^ ' 

nuiilN 

mo 

mph 

MPN ' 

J 

ppm- 
psi 
S^R 
sep 
sq ft' 
SS ' 

TDS 

wJc' 

yr 



•hour V 
•horsepowet-hour 
■inch ' 
■kilowatt 
■pound ' 

■'inaximuii^ ^ 

r ^ 

■million gallons- pe^/^^.y 



w ■ 



■ / 



/ 



■milligrams per liter 
-mile 
-minute . ' 
■milliliter • 
-millimeter ' . \^ 
-month .V ^ 

-miles, ^per -hour 
■most probablie number 
■par-ts per million 
-pounds pei: square in^h ' 
-$pdium ads-orp'tion ratl.o, 
-second ^ . ' : ' ' 

-squara foot ' * ' * * ' 

■suspended §olids . * • . . 

-sewage treatment plant construptibu cost (index^ 
-totaJL dissolved solids ^ 
-week^ . " 
■y,ear • 1 ' ' 




r 



CONVERSION FACTORS 



million gUllons x 3.06 = a^re-i^et 
acre* inch X 27 ,154 = gallons '' 
^^^^^g/L X £t/yr i ill = ib/acr-e/yr 



r 



J 



■ \ 
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SECTION -XIII 
APPENDIX . 



/ 



Tab^§ 11, 



i^and Application Sites Visited 
' for This' Study 



1, Abilene, •Texas . % • 

2. Moulton-Niguel TO, Califbrnia 

^3. Portales , ^New Mexico - , 

'4, San Kranci'sco, California ' ' 

J> , Woodland ,. Cal if orhia,**' - 

6 . -Lake Geo^Rge^ New .York » : ' ^ ^ - 

7. Pho^enix, Ariz^ona ^ ♦ - ^ ^ r ' 
ZC- Westbry^ Wdsconsin^ • v 

9. \Idaho .Suprefme Potato Co., Rirth; Idaho/ - 

10. IBeardmore 5 Co . , Ltd., Acton, Qhtarip ^-'Canada^ 



-Table l5; -Srtes Visited Prior. to Study. . • 



-.1 , 
2, 

. 3, 
4, 
5, 
•6, 
•7, 



Bakersfield, Cali-fornia -» ■ ^' (J- - ■ - 

Mount yernon Sanitary. Dist'ritt , .jj^alifojni^ . _ , 
Campbo4i^oup Company, thestertown, Maryl'and - 
Campbell Soup COijipany, Napoleoji.,.,6hro . ' ' o 

Cfimpb^ll Soup Company, Paris, Texa;s^ ' ^ * 

Hunt-Wessqn Fopds, Inc^ Davi^*, "Ca^Iiforyiia *^ - 
California Canners § Growers,* Tho-tntoiv, California 
8. 'Campbell Soup Company^ Sumter, South Carolina 
'"9. Seabrook Farms Company , .Se^brook , New J.ersey ' \ \ \ 
10. Sebastopol, California,"..' , " ' 
11; Tri/Valley Growers, Stockton.,' California • ' 



J 



\ 



1» 

2 

3 
4 
5 



9 
10 
11 
12 
•13 

14 



Table 13. Land' Application Facilities, 
On-Site Visits ty^APWA 



No, Agency arid State^ , 



No. Agency and State 



A. MONfCIPAL 



ARK ON A • 



* City o*f Casa Grande 

Lake Havasu San.^ , , 
^District', Lake Havasu^ . 

City of Mesa ^ ^ 

City of Prescott 

^City of Tucson 

CALIFORNIA 

las Virgenes 
Municipal Water 
District , Los 
Angeles 

Camarillo San. 
District, Camarillo 

City of ColtCn 

City of Dinuba . 

^ City o.f Fontan'a 

City d£ Fresno 

.City ^of Hanford 

Valley Sanitation • 
J District, 

Rossmpor Sanitation*, 
Inc.*,Laguna flills . 



15 City of L'ii^rmoro 



16 , City of Lodi 



1^ ' 



17 ' Irvine Ranch Water- 

Dist. , Irvine ; . * ^ , 

18 City of Oce^^isid^ 

19 City of Ontario 

20 City of Pleasanton 

21 City-of Santa Maria 

Z2 / City of San Bernardino 

2Z ' Santee County, VTater ^ 
Dist . \ 5an Diego 

24^ • City pf San Clem^nte. 

25 City of San Luis Obispo 

26^*' City of^Veatura. • . • 

COLORADO ^ . 

2c7 Ci'ty. of Colorado Springs 

FLORIDA ^ ^ . 

28 'Walt Disney W6rld~ 

29 Osk-alopsa County Water 
I and Sewer^ District 

Eglin Air' Force Base -. 

'30 City of St* Petersburg , 

31 City. of Tallahassee' 

.MARYLAND . ^ 

52 St\ Charles Utilities, 
Inc. , St., Charles • 



I 



'7 
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Tabl$ 13\ 



(Continued) 



No.* Agency and State 



No. Agency^ and State 



NEW JERSEY 

33 Forsgate Sanitation-, 
Inc. , Cranbury 

.34 ^^City'^of Vineland 

NEW MEXICO ^ 

35 City 'of Alamogordo 

36 City of' Clovis 

37 • City* of Raton ' 

38 ' City of Roswell 

39 ' City of Santa Fe 

Silver Road Plant 

40 Cit>r of Santa'>^Fe 
Airport Road Plant 

^ NEVADA • , 

41 Clark/ County 
42" City of Ely , 
43 Ihcline Village 
44' City of Las Vegas 

OKLAHOMA 

45 % City pf' Duncan 

46 Unifred Sewerage 
Agency, Fores t--€Tove 

47 City of Hillsboyo 



48 



49 



5-0. 
51 
52 

5A- 
54 
55- 
56 

57 - 
58, 
#59 ' 

7 

60 



City of Milton-Freewater 
PENHSYLVANIA 

V 

Penrifeylvani^a State U. 
Staie Colle'^ge-University 
Pari 

' TEXAS 

* T~ 

dit^of Dumis 

Cit)f of Kingsville 

City of LaMlsa 

Cit/; of Midland ^ 
f 

' C^ty of Monahans 

City of San^Angelo 

Cip^^of Uvalde 

WASHINGTON 

City of Ephrata 

Town "of Quincy 

City of Walla Walia_ ^ 
.WYOMING / 



City of Cneyfenne 
61 City nof Rawlins , 

^^EXJCo 

^62 Mexico City, dry 

^ we,atheT flow, treated 

'63 Mexico City, dry • 
weather flow,- raw 



.489 ■'" 



A 



Table 13. (Concluded) ' 



r 



Nog 

li 
2i 
3i . 
4i 



5i . 
\ 

s 

I 

6i 



7i 
8i* 
.' 9i 
10 i 
Hi 

V 

12i 



Name, City, and State * No. Name^City-, and State 



B. 



Green Giant Company 
Buhl , Idiaho ^ ^ 

\^sX.ern ^Farmers Assoc. 
Aberdeen, Idaho 

Celotex Corporation 
Largo, Indiana } 

Commercial Solvents ^ 
Terre Haute, Indiana 

Chesape*ake Foods , 
Cordova Maryland 

Cel'ote«p Corporation 
L'Anse, Michigan 

Gerber Products 'Co, 
Fremont, Michigan 

Michigan Milk Producers 
Assoc,, Ovid, Michigan 

Simpsoo Lee Paper Co. 
Vicksburg ,* Michigan 

Green Giant Company 
Montgomery , Minnesota 

Stokely Varv^Camp ^ 
<Fairmont(, Minnesota^' 

H*J. Heinz Company * 
Salem, New Jersey 



INDUSTRIAL ^ 
13i 



14i 



1-5 i 



16i 



17i 



^81 



19i 



Hunt-Wesson Foods , Inc. 
Bridg^to'n, 'New Jersey 

U» Sv. Gypsum Company 
PilofeJRock, Oregon ^ 

Weyerhauser Company ' 
6prir^f iel4, Oreg'o^ 

Pet M^Jc Company 
Bigl^y'ij^e, PennsylvanTa 

Howes Leather Company- 
Frank, -West Vir^ginia 

QAmerican Stores^ Dairy 
t Company , Fairwater , 
Wisconsin 

Libby ,'^McNeilL 5 Lihby *' 
Janesville, Wis'conSin 

0 o 




J 



) 



/ ' 
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Table 14. Faciliti^^ 'Visited 
, by APWA, Data }iot tabulated ■» 



Name ' 



1 " Bars tow , California 

Vf- 2 " Madera, California 

3 Porterville California ^ 
i. 4 Visalia, Cafiforni,a 

5. Whittier Narrows, . 
California - ' » 

' 6 Yuba Oity, California 

7 ' Nantucket, Massacl^usetts 

8 . Scituate, Massach^usetts 

9 Gallup, New Mexico 
10 Hobbs, i^ew Mexico 



Reason 



Irrigate only sewage treatment 
pTant grounds 

lijfi tfrati'dfi-pcSrcola't^on * ^ •"'^ 

Infiltratioi^-pejfcolation* 

-Fio^w^iscHarg/d to diJtch ' 

All flow usedlby abutting property 

owner \ 

■ ' \ 

-lnfiltrat:^dn-porcolatidn 

Infiltration- per eolation . ^ 
Infi 1 trat^on-p^Txoiation 
Jj) f i 1 1 r at i on - peV^o^L a ta on 
Facility abandoned 
Facility abandoned ^ 




t 



\ 



^ ( 



■ / 
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Table 15. Responses to Mail Survey by APWA' 

1 



'No . Agenc/ ^land- Statue 



,No. Agency and State 



1 



2 

3 

4 

5 
• 

6 

'7 

9. 
10 
11 

12 

13 
14 



. 16 



i 



ARIZONA 
■ — , 

City of Winslow , 
/ vnv Plant 

1 

GALIFORMIA 



City of jBanning" 



City' of T3rentwood, * 

Buelltoit Comm. ^Dist, 

City of jCorningi , 

City of ^Corcoran"" 

Co. Dept.„of 
Honor Caflips 

Cutler Pubjtic . " ' 
Utilities- Dist. 

City bf .Dixon ^ 

City of nis-inor^ - 

Dept. of Parks, 5 Rec^ 
San Diego 

^ * 

Eastern Mun', Water 
Dist, , San' Jacinto - 

City>Df Bscaloh 

Fallbr^k Sanitary 
Distrfct 

tvty of Greenfield 
City of Gridley' 



A. MUNICIPAL 
17 
18 

^0 
21. 
22 
23 
24 

26 



City , of Hanf ofd 
Cyiy of H^a Ids burg 
City of K4rinan 
City- of Kingsliurg 
City of Lducadla 
City olE Lqyaltpn 
City 'of Patterson 
City of Pi;nedale 



City of Pixley, 

V/ 



Pomerado 
District - 



Water 



Z7 ^ City \)f' ?iso J^obles 

28 "^-^^^y of R^edley 

\ 

0^9 City %f Ripon 

City of Rilvefbank. 
City of ^R^ve reside , 



.30 
,31 
32 



San BernaV^iao County 
Special Districts Div. 



33 San Juan BkuM^fri • 

34, City of '*Sa;pta''Paiil-a\ 

35 Crty of Santa Fjosa 

36 . City of Soledad" 



Table 15 



(Continued) 



No. Agency and State 



No. 



Ageftcy and State". 



37 

38 

39 
40 
41 
42 

43 

44- 
45 
• 46 

47 
48 

49 
50 
51 



CALIFORNIA 

Strathmore Pub. 
Util- Uis\. 

Terra Bella ^ei^r 
M4in. Dist. ' 

CT;ty of Tiptoij 

City of Tulare 

City of Tuolumne 

Valley Center Munic. 
'Water District " 

Water ford ^Comra. Serv. 
District, ^ , 

Westwood •Comm/ Serv. 
District ♦ ^ 

Wheatland Dept. of • 
Public Works 



City of Woodland 
KANSAS' 



53 
54^ 

55 
5^6 

( 

'57 



Village, of Middleville 

Ottawa* County , Co. ^ 
Road Commission 



$8 



-59 



60 



r 



City "ot^Scott, City 
City af- Sublet lse^'_ 
MICHIGAN , ' \ !■ 
Villag? of Cass4jblis '^ 

City of East <Jordan*;.;-^r- 

^ ' . ^ ' V 

Harbor Springs Areav>;:**)r 
:Sewage d?ispos*al Auth. 



52 City .of "Harriso/i 




City of Helena' 

City^of West ^Ye/lows tone 

NEBRASKA ^ 

City of 'Grant ' 

NEVADA ' ' <»■ 

City of Winnemucca*" 

NEW MEXICO 

City of Dovingtoa ' ^ 
NORTH. -DAKOTA 
City of Dickinson 
OKLAHQMA^ 
Bois-e Oity 
OREGON 

, City of B^nd 

City of Coti/Tla 
City of Coleman 
'City of^ Coma'nche 
*!ty of Dalhart 



v 



. s ■ - 



Table 15, (Continued) \ 



No—- A&^ncy and State 



^o. Agency and State 



TEXAS 

67 . City of Denver City' 

68 City of Elsa • 

69 City of Goldthwaite 

70 ^ City of Idalou 
/l City of Morton 
72'' ■ City of Munday 



73 
74- 
75 

77 

78' 



C^ty of Ralls 
City- -'San'Sab^ 
City of S^agvaves 
dity^ of Van Horn 
C^t/- of ^inters ^ 
WAStilNGTON , ' 
City of Soap Lake , 



No. 



Name, City, and State 



No. 



Name, City and State 

1— 



.7 



10 



' Beardmore, Div. of 
Can Packers, Acton, 
Ontario, Canada 

' Simpson Lee Paper Co. 
Redding , Call fornia 

Joan of Arc ^Company 
(Prihceyi) le- Peoria) 
'IllinQTrs • 

Joan of Arc Company 
^ (lioopes ton- Vermi lion) 
*'''iriinois 

Green Giant Company" 
Bel vide re, lllinoiVv - 

Campbell Soup GoitSpany* 
^ •SaratO'ga, Indiana 

Pope joy Poultry 
Logansjport , In^iaaiL^ 

Weston P.aper § NJfg.CoX 
Terre Haute , Indiana 

Albany Cheese , inc. 
.Grays ojn, . Kentucky 
* 

Duffy-Mott Co. Inc. 
Hartford, Michigan 



11 Simpson Lee Paper ,Co. 
, KalamazoQ-^ Michigan 



12 



13 



.14 



15 



16 



17 



18' 



•19 



20 
T 



Green Giant Company 
Blue Earth, Minnesota 

Green Giant Company 
Cqkato , Minnesota 

Green Giant Company 
Winsted-, Minn^ota 

Borden Co. , Comstock 
Foods , Waterloo, 
New York-* 

li, P.Cannon § ^ons,Inc. 
Dunn, North Carolina 

The Beckman § Cast Co. 
Mercer , Ohio 



' Crown Zel lerbach 
Baltimore , Ohio 



Deeds -Bros .Dairy , Inc. 
Lancaster^, Ohio ' * 

Libby, McNeill §^1.il)by 
Liepsic , Ohio " 



79 94 



Table 15 • (Concluded) 



No, Name,. City, and State 



No, Name, City, an'd State 



21,. 

22 ^ 

23 * 
24 

.25 
26^ 
27 
28 



^harp. Canning, Inc; 
Rockford, Ohio 

Campbell, Soup Co,-. 
Paris, Texa^ 

Tooele Cit/ Corp* 
•Tooele,. Utah- - 

'^Lajnb- Wesson 
, Div. of Amfac 

Connell, Washijigton 

Alto Coop^ Creamery 
Astico,- Wisconsin - 

Cobb Canning Co. 
* Cobb , Wisconsin * 

Frigo Cheese Corp. 
Wyocen'a , Wisconsirt 

Green Giant Co. 
Fox Lake, Wisconsin 



29 Green Giant Go. 

> ' Rip on , Wisconsin 
\ ^^ ^ ; ^ 

50 Green Giant rCo. . ' - 

'1 " Rasenda'le, Wisconsin 

31 Hoifman 'Cornfers 
\ - Coop Creamery^ 

KendaU , Wisconsin 

il JCan$as City Star' Co. 
"Park Falls i Wisconsin' 

33 Kimberley 'Clark « - 
Niagara, Wisconsin 

34 Loyql Canning* Co.-': 
Loyal , Wiscons"in 

35^ Mammoth Spring Canning 
Oakfield, Wisconsin 

56 Oconomowoc Canning Co. 
Sun Prairie,' Wisconsin 



-r 
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SELECTED WATER 
, R^SOURCE^ ABSTRACTS - 

INPUT TRANSACTION FORM , 




Accession No. 

w 


I Title, * . " ■ ' 

JwASTEWATER TREATMENi ANi) Kcubb 
^ .%Y LAND APPIICATION - Vol. I SUMMARY 


i^^vr^;: ■ . ■ 


Pound, C- E., and Crites, R. W. 




Project No 
. 


f Met(£alf ■§";ESdy, Inc. ^ . ^' ' ' 
^ ...Palo Alfo; California - ^ - , . 


■jL.^n^f'ict/ Grant No 
^ ' * / » 





^Environmental Protection Ageiicx report nujnbet^, 
' EPA-660/2-^3-Q06a, August 1973. ' - ^ 



V / 



A'n^iionwide stiidy was conducted of jthe current knowledge and techniques 
of land ^application of municipal treatment plant effluents and indus^trial 
wastewaters. Selected sites w^re^visited ^nd extensive literature Reviews 
were. madCjCannotated bibliography^ will be published separately). fnforma- 
tion and jdata were gathered on the many factors invqlved.l4.n system de3ign 
and operation for the three ^najor land application* appi:oaches : irrigation 
overland flow, and infi^/tration-percolation . In addition, 'evaluations 
were made of envrronlhental- effects, puBlic health considerations, an^. 
costs--areas in which limited , data are available. -^Irrigation is thejmost 
reliable land application technique with respect to long ^erm use. and re- 
moval of pollutants from the wastewater. It is sufficiently developed' sg 
that general design '^'and operational guide^llrnes can be prepared from 
current technology. Overland jflow was found To be an effectivie technique 
for industrial wastewater treatment. Further developmen-t is required to^ ' 
utilize i|;s considerable potential for municipal wastewater, treatment. Ln- 
filtration-percolation is also a feasible metM^d of*land applicatiotf. ' 
CriteVi'a for site ^election , groundwater* control , and management 
techniques for high ra^te systems need further Heve^lopment . ^ / 



#1 



^5 



17 9. Dcscnpjcors — ^ * • *. , • 

♦Irrigation systems, ^Design c^ritBcL^a, *Wastewate^r treatment , *Costs, 
♦Groundwater recharge, ^Public' heWth , ^Environmental effects, ^Sewage 
treatment, ^Industrial was tes , .^ClHT^tic - ztfnes , Reclaimed 'water , Wastewater 
disposal. Soil treatment. His ^Cry^ Crops , Percolation-,/ ^ . ^ t 
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